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FOREWORD 

Howard K. Larson 

One of the critical technology needs of the Space Shuttle is develop- 
ment of a reusable thermal protection system (TPS) . The baseline 
material for a large part of the shuttle TPS is now reusable surface 
insulation (RSI). Because of the rapid progress which has occurred 
in this development effort during FY'72-'73, it was deemed appropriate 
to review the state of RSI technology at this time. Therefore, Ames 
Research Center, under the auspices of the Shuttle Thermal Protection 
Systems and Materials Technology Working Group, hosted a three-day 
symposium on Reusable Surface Insulation for Thermal Protection of 
the Space Shuttle on November 1-3, 1972. 

The objective of this symposium was to define the state-of-the-art 
for RSI materials. The meeting was divided into five sequential half- 
day sessions; each session addressing a specific technology area. 

The first session "RSI Fabrication and Improvement" was chaired by 
Howard E. Goldstein of NASA-Ames, and included papers discussing the 
development of silica, mullite and alumino-silicate RSI materials. 

Rigid and flexible RSI materials were described. The results reported 

showed that mullite, silica and alumino-silicate rigid fibrous RSI 

materials could be fabricated reproducibly . One paper described a 

somewhat different RSI concept, a rigid closed pore alumino-silicate 

insulation having good physical stability. Also described was a 

silica non-rigid insulation which offers the possibility of minimizing 

strain compatibility problems with the structure. While substantial 

improvements have been made in the past two years, it was pointed out 

by many of the papers that much effort is still required to optimize ’ 

the RSI materials. Substantial improvement in physical properties and 

thermal stability should be expected with continued research. 

The second session "RSI Morphology and Properties" was chaired by 
Salvatore J. Grisaffe, NASA-Lewis, and included papers describing the 
detailed mechanical and thermophyslcal properties of the rigid fibrous 
RSI materials and their coatings. The mechanical properties as a 
function of temperature for REI mullite and LI-1500 were presented. 

One paper described a comparison of the mechanical and thermophysical | 

properties of HCF, REI mullite, and LI-1500. Radiant energy transmis- 
sion through mullite RSI was discussed in one paper and the high 
temperature surface optical properties of all the RSIs were discussed 
in another paper. The final paper described the microstructure of 
mullite fibers. This session demonstrated that the mechanical proper- 
ties of the RSI materials are reasonably well understood, though the 
precision of the reported values is still in doubt. Thermal conduc- 
tivity, particularly radi^lnt heat transfer effects, are not well 

defined for the fibrous mullite materials. Emlttances of the surface j 

coatings of all the RSI materials are still questionable and require 
further study. 
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The third session "Environmental Testing I" was chaired by David H. 
Greenshields , NASA-MSC, and described the results of arc-plasma 
testing of the RSI materials. Most of these papers were concerned 
with both techniques for proper convective heating environment 
simulation and the response of the materials to the environment. 

Two papers described thermal response in gaps due to laminar and 
turbulent heating, respectively. In both studies, large panels 
simulating shuttle heat shield configurations were used. Other 
papers described the internal thermal response, catalytic wall 
effects and material response to cyclic heating. These studies 
were carried out on small models in uniform stagnation region heat- 
ing regimes. Significantly higher thermal efficiency was reported 
for silica RSI compared with mullite RSI. Silica RSI coatings were 
also shown to be more chemically stable and less subject to crack- 
ing due to thermal shock. 

The fourth session "Environmental Testing II" was chaired by John D. 
Buckley, NASA-Langley , and included papers that discussed the results 
of several diverse environmental testing programs. There were papers 
on the response of the RSI coatings in both convective and radiative 
heating environments. In these papers, emphasis was placed on the 
chemical and morphological changes that occur due to each heating 
environment. Significant differences were shown between the effects 
of radiant and convective heating. Convective heating was shown to 
have more severe effects. Other papers in the session described the 
effects of combined salt spray and cyclic radiant heating. It was 
shown that salt spray is more deleterious for silica than for mullite. 
Cold soak, acoustical rain erosion, and meteoroid impact tests were 
also described. The results of large panel tests in radiant heating 
and acoustic environments showed the silica RSI to be more stable. 
Mullite materials experienced thermos tructural failures in these tests. 

The fifth session "Thermal Protection System Design and Optimization" 
was chaired by George Strouhal, NASA-MSC, and included papers describ- 
ing a niimber of specific design problems. Among these problems were 
the adhesive cold soak, the effect of optical properties on thermal 
design and techniques for mechanical attachment of RSI to the struc- 
ture. The design concept of a non-rigid silica heat shield was 
described. Papers on mullite and silica RSI, respectively, contrasted 
the design philosophies and development maturities of the respective 
systems. Finally, a paper on thermos tructural analysis of RSI applica- 
tion showed that mullite was much more subject to thermal stress 
failure than silica. 

In conclusion, it is felt that the Symposium fulfilled its intended 
purpose in providing an "open forum" for Industry and Government to 
present, receive, and discuss the most recent results of a young, 
intensive technology program. NASA needed the results of this RSI 
technology program in order to make important decisions as to which 
of the RSI materials to choose for the shuttle heat shield. Early 
in 1973, NASA made the announcement that silica was chosen for the base 
material and that a coating with a ratio of solar absorbtance to room 
temperature emittance of 1.0 would be baselined. 
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Figure 3 


COMPARISON OF LI-1500 THERMAL CONDUCTIVITY DATA 
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The General Electric Company's Re-Entry and Environmental Systems Division (GE-RESD) has been 
developing and evaluating a series of high insulative efficiency, rigidized fibrous insulation materials 
for potential application to shuttle orbiter thermal protection systems (TPS). TPS based on these 
materials are lightweight and offer the potential for increasing the orbiter payload weight fractions. 
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The development programs at GE-RESD have included evaluation of an all silica system (REI-Silica), an all mullite 
system (REI-Mullite), and an all-zlrconia based system (REI-Zlrconia). Evaluation results indicated that the REI-Mullite 
material was the best compromise among TPS weight, insulation effectiveness, mechanical strength and structural integrity, 
and thermal and structural stability for a 100-misslon life with the shuttle orbiter maximum surface temperature 
requirement of 1644*K (2500*F). 
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FIBER DIAMETER HISTOGRAMS OF B&W MULLITE FIBERS 

(Figure 4) 
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X-RAY DIFFRACTION PATTERNS 

(Figure 5) 
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STRENGTH-FIBER SIZE DISTRIBUTION RELATIONSHIPS FOR MOD I AND lA REI-MULLITE 

(Figure 6) 
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STRENGTH-FIBER SIZE DISTRIBUTION 
RELATIONSHIPS FOR MOD I AND lA REI-MULLITES 



Figure 6 
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MICROSTRUCTURAL CHARACTERISTICS OF REI-MULLITES 

(Figure 10) 
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SBA BINDER SYSTEM USED IN 
MOD lA AND IB REI-MULLITES 



Figure 1 1 











BINDER INFLUENCE OF MOD lA REI- MULLITE CHARACTERISTICS 

(Figure 12) 
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Figure 13 


IN-PLANE DIMENSIONAL STABILITY OF MOD lA REI MULLITE 

(Figure 14) 
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Figure 14 


FIRING PROCESS CHANGE DOUBLES REI-MULLITE STRENGTH 

(Figure 15) 
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PROPERTY DATA 




PROPERTY COMPARISONS FOR GE RESO PILOT PLANT PROOUCEO TILES 

(Figure 16) 
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Figure 16 




IN-PLANE MECHANICAL PROPERTIES OF MOO lA REI MULLITE 

(Figure 17) 
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Figure 17 


THERMOPHYSICAL PROPERTIES OF MOO lA REI-MULLITE 

(Figure 18) 
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MECHANICAL PROPERTIES OF MOO IB REI MULLITE 

(Figure 19) 
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SUMMARY 

(Figure 20) 
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Figure 20 





DEVELOPMENT AND CHARACTERIZATION OF CPI SURFACE INSULATION 
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Figure 1 








PHYSICAL PROPERTIES OF CPI 
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Figure 2 



THERMAL AND CHEMICAL PROPERTIES OF CPI 
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SUMMARY OF THERMAL CYCLING RESULTS 


SPECIMEN 

CONDITION 

NO FAILURE 
SLIGHT BOW 

NO FAILURE 
SLIGHT BOW 

NO FAILURE 
SLIGHT BOW 

NO FAILURE 
BOWED UP 

NO CHANGE 

NO CHANGE 

NO FAILURE 
SLIGHT BOW 

NO CHANGE 

NO CHANGE 

UNCHANGED 

UNCHANGED 

NO. OF 
CYClfS 

iTN 

rsj 

ITN 

CM 

ITN 

CM 

40 

a 

ITS 

CM 

a 

a 

a 

tr\ 

CM 

ir\ 

CM 

HEATING 

CYClf 
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a. 

CM 
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< 

AREA 1 

AREA 2 

AREA 1 
(ARC JET) 

AREA 2P 
(ARC JET) 

SPECIMEN 

DIMENSIONS 

17 cm X 17 cm 
X 0.32 cm 

17 cm X 17 cm 
X 0.37 cm 

17 cm X 17 cm 
X 0.8 cm 

17 cm X 17 cm 
X 0.32 cm 

19 cm X 19 cm 
X 0.95 cm 

17 cm X 17 cm 
X 0.95 cm 

17 cm X 17 cm 
X 0.80 cm 

BONDED 

CPI/KAOWOOL 

CEMENT/ 

KAOWOa 

FIBERS 

BONDED 

CPI/MULLITE 

7.62 cm 
DIAMETER 
X 1.25 cm 

7.62 cm 
DIAMETER 
X 0.85 cm 
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Figure 4 



THERMAL CONDUCTIVITY (W/m-°K) OF CANDIDATE 
TPS INSULATION MATERIALS VERSUS T (°K)* 
(Figure 5) 
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DATA FROM BATTELLE CONTRACT NAS9-10853 


COMPARISON OF ROOM TEMPERATURE MECHANICAL PROPERTIES OF CPI MATERIALS 

(Figure 6) 
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MODULUS OF RUPTURE (FLEXURE) VERSUS TEMPERATURE FOR CPI MATERIALS 

(Figure 9) 
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This work was conducted under Contract NAS9-I2U90 from the NASA Manned Spacecraft Center. 



The basic configuration of the 3I6X woven mat insulation is schematically illustrated. 
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Figure 1 



FEATURES OF 3DSX 
(Figure 2) 

The matrix shear modulus of approximately 6.55x10^ N/m^ (95 psi) gives the system the desirable 
feature of strain isolation. Strains transmitted into the matrix by the substructure are reduced by 
at least a factor of ten in terms of strain transmitted to the coating. Strain isolation operates 
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properties. It was judged that the high allowable strain of the pure SiO_ coating was the 
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Figure 7 


MAR-SI THERMOPHYSICAL PROPERTIES 
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Figure 8 
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Figure 9 


HEATING TEST PROFILE 
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COATING SCREENING TESTS AND SELECTION (Radiant Heating Specimens) 
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and 1371°C (2300 and 2500°F). Series 60 Coating Selected. 

Thermal Cycling with Exposure 
to Salt - No Reaction. 

Figure 1 1 



RADIANT HEAT AND ACOUSTIC TESTS 
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RADIANT HEATING AND ACOUSTIC TESTS 
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10.1524 m X 0.1524 m (6 in. x 6 in.) Panels (Coated on 5 Sides)! 


PLASMA ARC TEST SPECIMEN BEFORE TEST 




PLASMA ARC SPECIMEN DURING TESTING 
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Using the type of plasma arc specimen shown previously, six specimens were 
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SUMMARY OF MAR-SI PLASMA ARC TESTS 
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SURFACE CATALYTIC ACTIVITY ON SURFACE TEMPERATURE OF MAR-S 



Figure 16 


PLASMA ARC TESTING - HIGH TEMPERATURE DYNAMIC SEALS 
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Figure 17 


DESIGN AND ANALYSIS (Typical TPS Configuration) 

(Figure 18) 
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Figure 18 






Using the typical TPS configuration (Fig. 18), two-dimensional and three-dimensional finite 
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Figure 20 



STRESSES ON SIDE OF 0.1524x0.1524x0.0508 m (6x6x2 in.) PANEL 

(Figure 21) 
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(Figure 5) 



CO 

4J 

• 

« 

• 

0) 

Oc: 




4i 

< 

0) 


>V 

X 

o 



CO 

CO 


u 

0) 

iH 

4J 

cn 




'O 


p 

o 

AJ 


CO 



o 


• 

u 

B 

c 

4-1 

m 



ji: 

4h 


CO 

O 

Q) 

O 

fH 

C 


(0 

O 

(U 

U 


3 



U 





0) 


cr 

OJ 

■U 

C 


0) 

O 

•H 

p. 

• 

Q> 

4J 

3 

3 


u 

a 

U-( 

a 


CO 

CO 


3 


0 

Ps 


0) 

4J 


u 

3 

U 


oo 

4J 

UH 


•H 

3 


H 



•H 


o 


r-i 

CO 

c 

3 

04 


iM 

CD 



•H 


o 

O 

CM 



•H 

4J 

CO 


g 

•H 

-C 



CO 

tC 

o 


to 

5 

4J 


3 



H 

rH 

CO 

4-) 

o 

CO 

4J 

3 


X 



u 

m 


a 

43 

U 


H 


s: 

3 


CO 

•tH 

00 

< 



• 

u 

o 

<u 


4-1 

•H 




CD 

(0 


i-H 

0) 

•H 

3 

O 


• 

0) 

(U 


•H 

.p 



w 


(U 



o 

4J 


4J 

>U 

s 


M 

D 


o 


•H 

•H 

3 



a 

4J 

o 

CM 

i-H 

iH 

> 

3 

3 


4J 

CO 

>4-1 


cfl 

•H 

a) 

3 

43 


CO 

u 


M 

B 


*3 


AJ 



0) 

01 

0) 

•H 







p. 

( — i 

4^ 

>4-1 

CO 


4J 

o 


a 

a 

u 

4-1 


CO 


3 

4J 


a 

o; 


CO 

0) 


4J 




0) 

4J 

u 





U 

AJ 


4J 



*0 

4J 

V4 

CO 

O 

3 



u 

00 

o 


<U 

3 

4-i 

3 


M-l 

c 

c 


>4-1 




a 


o 

0) 

•H 

3 

O 

o 


3 

3 



V4 

)-i 

CO 


i-H 

a 

O 

3 


CO 

0) 

•H 

CO 

(U 


3 

•H 

M 


c 

4-1 

<4-1 


> 


3 

AJ 



o 

4-1 


a 

•H 

O 


3 

43 


•H 

•H 

•o 


4-1 

B 

3 

O 

AJ 


4J 

•o 

B 

CO 

CO 

a 


•H 

•H 


O 


(0 

•H 

4-1 


•U 

4-1 



g 

0) 



B 

CO 


•H 




0) 

0) 

c 

(U 

•H 

u 

U 

3 


M-l 

M 

l-i 

o 

to 


3 

4J 

rH 



ji: 

3 

•H 

0) 

d) 

o 

•H 

•H 


0) 

4J 

TJ 

U 

V4 

4-1 

*o 

> 

AJ 




0) 

CO 

a 

CO 

3 

3 



CO 

4J 

U 

U 

(U 



T3 

3 



CO 

O 

•H 





43 


CO 


l-i 

4-1 


(U 

fH 

3 

AJ 


0) 

0) 

o. 

•H 

4J 

OO 

iH 




4J 

00 



o 

CO 

3 

43 

c 


CO 

CO 

00 


B 


M 

3 

•H 


M 


B 

•H 


B 

3 





c 

•H 

> 

CO 

■H 

C 

3 

3 


0) 

•H 

"O 

0) 

•H 

l-l 

3 

3 



00 

M 

» — ( 



jB 

00 

3 



CO 


o 



to 


3 

3 



CO 

a 

^4 

0) 


3 

a 

AJ 


C 



O 

B 

(U 

•H 


3 


•H 


4-1 


B 

JS 


o 




c 

o 

0) 

9 

u 

M 

u 

3 



CO 

g 

00 

a 


3 




CO 


X 

CO 


0k 


3 




c 

0) 


CO 

T3 

•H 


AJ 


-o 

o 


c 

•H 

(U 

4-1 


O 

• 

c 

•H 

0) 

•H 

j: 

M 


3 

P 

3 

CO 


J2 

U 

4J 

•H 

4H 

4J 


AJ 


CO 

4-1 

j: 


>4-4 

O 

3 


s: 

c 

a 


(0 

B 




rH 

00 

o 

•H 

0) 


•H 

•o 

3 

4J 

,P 

•H 

•H 

4h 

B 

0) 


B 

4J 

0 

3 

fH 

4J 

•H 

•H 

rH 

•a 

CO 

3 

c 


4-1 

CO 

M 

a 

4J 

(U 


U 


O 


o 


c 

4J 

M 

•a 


3 

M 

o 

•H 

•H 

0) 

•H 

B 

(U 

C 

•H 

Po 

O 

4-1 

> 

4J 

fH 

9 

•B 

o 



rH 

•H 

0) 

0) 



B 

•H 

U 



M 

T5 

TJ 


<U 

o 

4J 

3 

fH 

u 

U 




a 


3 


■H 

o 

•H 

4-1 

O 

(l4 



O 

•H 


4-1 

> 

O 

4J 

O 

(i> 

B 

•H 

4-1 



0) 



O 

00 

B 

4-1 


AJ 

3 

T3 

CO 


o 

CO 

0) 

•H 

3 

•H 

AJ 


Q> 

(U 

rH 

j2 


U 



c 


00 


CM 

B 


u 

4-1 

0, 

3 

4J 

CO 

•H 

N—/ 

•H 

3 

•H 

M 

s 

a 

o 

u 

B 



B 

> 


04 

c 

(3Q 

C 

cr 


J2 

jB 

3 


o 

o 


0) 

0) 

o 

CO 


T5 

• 

O 

u 


o 


CM 


B 


3 

Q 

•H 


w 



0) 

rH 

3 

•H 

CH 

> 


0) 

(0 

'4* 


•H 

43 

•H 

CM 

c 


D. 

•H 

rH 

H 

4-t 

H 

.U 

>-✓ 

3 


164 


liliUULliULliliUUll ilUMilLL 


CRYSTALLIZATION AND SHRINKAGE OF LOT 2148 SILICA 
FIBER AS A FUNCTION OF TEMPERATURE 




oooo ooooooo 

cj— h- tDio^rOCJ — 


165 


ULUUULLLtiULiU MUUUUilL 


Figure 5 


EFFECT OF WASHING ON CRYSTALLIZATION OF SILICA FIBERS AT 1533°K (2300°F) 

(Figure 6) 
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Figure 6 




COMPARISON OF SILICA RSI TILES MADE WITH WASHED AND UNWASHED FIBER 

(Figure 7) 
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Figure 7 





FIRING CYCLE FOR SILICA RSI 
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MACHINED TO FINAL DIMENSIONS 






SILICA RSI TILES REIMPREGNATED WITH COLLOIDAL 

SILICA BINDERS AND FIRED 



Figure II 




for silica RSI. The exact amount of crystallinity that can be tolerated in processing and in the 
shuttle environment is not known, however, and must be determined. 


CRYSTALLIZATION AND SHRINKAGE OF SILICA RSI TILE 

AT 1533° K (2300°F) 
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Figure 13 








All of the RSI materials currently being manufactured are quite anisotropic. From a structural 
standpoint it is desirable that these materials be isotropic if the strength is comparable to the 





1 







0) 







c 

•H 






o 

CO 




<D 



O 



1 

s: 

0) 

rH 

U 



o 

4J 

42 

CO 

CO 

uh 


> 


H 

c 

•H 

0 


4-> 

c 


o 

> 




•H 


•H 


(U 


CO 


• 

4-t 

r 

0) 



T3 

CO 

c 

4-1 

Li 



(U 

c 

0) 

c 

00 


CO 

U 

o 

> 

0) 

0) 


(1) 

CO 

4J 

c 

4J 

•3 




(0 

o 

c 



•H 

CL 

•H 

o 

o 

0) 


u 


CL 


u 

42 

• 


CO 


< 


4J 

CO 

u 

•H 

O 


(0 


3 



•H 


T3 

00 

CO 

a 


rH 

• 

•H 

c 

CO 

o 

}-i 



rH 

•H 

3 

u 

U 

5 

rH 

o 

c 

U 

4J 

0 

Li 

•H 

CO 

•H 

O 

o 

i-H 


4J 


P 

Li 

CO 

CO 




M 

CL 

•H 


42 

q; 

Li 

0) 



0) 


42 

Li 

4J 


(U 


00 

U 

3 

Q) 

4.1 


H 

c 


rH 

T3 

o 



•H 

42 

CO 


42 

p 


CO 



C 



• 

2) 

•H 

0) 

•H 

42 

o 



> 



4J 

u 

0) 

(U 


U 

•H 


CL 

CL 



C 

s 

u 

O 

CO 

C4 


CO 


Q) 

i-H 

42 

CO 

• 

o 

TD 


0) 

CO 

■U 

(U 

•H 

3 

u 

> 


C 

rH 


3 

o 

0) 

O 

o 

•H 

•H 

•H 


-o 

u 

o 

4J 

3 

3 

c 


C 



oo 

4J 

M 

CO 

•H 

c 

o 

•H 

43 


CO 


♦H 

•H 

CO 

O 


> 

'O 


CL 



• 


0) 

CO 

o 

(L) 


rH 

•« 

CO 

0) 

Li 


4J 

CO 

<D 

CO 

a 

4J 


•H 

•H 

U 

Q) 

CO 

o 

O 

CO 

u 

D 

u 

L-l 

CO 

4J 

3 

0) 

00 

a 

Li 

•H 


3 

4J 

•H 


3 

c 

T3 

*3 

rt 

L-l 


CO 

CO 

3 


p 


rH 



3 

-3 


(0 

T3 

rH 

0) 

0 

3 

o 

•H 

•H 

rH 

42 

44 

3 

•H 

42 

a 

CO 

4J 



CX 

u 

CO 



rH 

CO 

O 


Li 


0) 

rH 

3 

U 

C 


B 


3 

•H 

U 

•H 

>> 

o 

A 


4J 

O 


Li 

u 

a 

3 

Li 

CO 


Li 

M-i 


Li 

3 

•H 

rH 

3 


o 

3 

CL 

c 


rH 

0) 

u 


O 

CO 

CO 

CO 

00 



Li 


U 


CO 

-3 

3 

CL 

0^ 

•H 

Q> 

3 

3 

4J 


X 

4J 

42 

•H 

CO 

3 

rH 

4J 

rt 

4-t 

CO 

3 

Li 

3 


p 





3 

4^ 

0) 

T3 


CO 

*3 

•H 

O 

42 

C 


•H 

3 

3 


U 

CO 

'O 


3 



CO 


C 

CO 


42 

4J 


r 

CO 

CO 

3 

CL 

00 

c 

c 


(V 

U 


c 


o 

0^ 

O 

3 

44 

0) 

o 


c 

O 

CO 

0 



T2 

o 

Li 

CO 


•u 

CO 

0> 


CL 

3 

2 

CO 


4i2 

00 


L4 

a 



a 

c 

00 

CL 

Li 

c 

•o 

o 

•H 

C 


3 

o 

rH 

rH 

c 

•H 

00 

4J 

•H 

O 


0) 

-3 

3 


4J 

S 

CL 

0) 

rH 

•H 

3 

U 


O 

Li 

O 

'3 

•H 

0) 

rH 

4J 

U 

a 

rH 



CO 


CO 


Q 


•H 

c 

0) 


3 

a 

CL 


o 

42 

CO 

O 


O 


•H 

4J 

CO 

•H 

3 

V4 

00 

4J 


42 

U 

42 

U 

c 

CJ 

«« 


U 

4J 

o 

o 

0) 

-3 

T3 

0) 


3 


M 

rH 

rH 

Li 

TJ 

•H 

■u 


O 

Q 

•H 

3 

3 

CO 


B 

a 

T3 

3 

3 


182 


U li II L 


li 


U U L U 


U U IL U li h 






L L 


RSI MOLDS 



183 


U U li li li ii li L li L2 


■T 

kk 


M U U M M 


L L 


Figure 14 




MICROSTRUCTURE OF SILICA RSI 



LI -1542 AMES FABRICATED RSI 







PHYSICAL PROPERTIES OF AMES FABRICATED SILICA RSI 





X 


•3 













• iH 


04 






05 






tM 

10 


c: 






CO 





1 

o 



•iH 

3 



3 

0) 

3 





0> 


4h 

ID 

CD 

4= 



4= 


05 





c 

0> 

O 

O 

4-> 

44 

3 

• 

44 

o 



o 

E 


o 



C 

43 


X 

3 


B 

O 


X 

O 



CO 

lU 

0> 

O 

c 

3 

3 

E 


0) 

4-» 


T3 


o 

u 

DO 

"O 


•H 


•H 

o 

oo 

-o 

3 

c 

C 



0) 

CD 

•H 

04 


3 

44 

X 

c 


X 

•rH 

3 


4-) 

> 


(4-1 

(h 

o 

3 

X 

(X 

•H 

cd 

4-» 

3 

X 



cO 


c 

04 

o 

*H 

3 


4J 



P 





> 

o 

3 

if) 

44 

ex 

3 

O 


-o 

4-> 

”3 


o 

c 

CD 

o 


1— 1 

X 

o 

X 

3 


05 

CO 

C 



cO 



10 

1 

3 

X 

pH 


05 

4-) 


3 




C 

4-> 

4-> 

HH 

a 

ex 

3 

CO 

c 

O 

P 





CD 

c 

c 

nJ 

o 


3 

•H 

•pH 

c 

O 

X 



hH 


0) 

04 


X 

c 

3 


3 


(4H 

X 


CU3 

c/5 

•* 

u 

B 

o 

ex 

o 

X 

pH 

4-) 

05 


•H 


c 

a: 

rH 

u 

04 

44 


•H 


3 

-O 

Xi 

05 

3 


o 


CD 

0> 

Xi 


3 

44 

X 

•p4 

O 


3 

c 



f/i 

•H 

ex 

3 

3 

3 

3 

pH 

U 


O 

^H 

3 


•M 

V) 



10 

f-H 

3 

3 

XI 

05 

(0 

CO 

3 

■3 


tfi 

0> 

0) 

m 

CD 

X4 

X 

X 

3 

4-> 

•pH 

pH 

> 





4-1 

04 

04 

rt 

ex 

•H 

X 

3 


3 


X 


u 

o. 

CD 


B 

Xi 


”3 

o 

E 

X 


X 

3 


cC 


B 

V 


rt 

t-H 

1 

X 


4-» 

T3 

DO 

X 



c 


J3 

10 

ex 

3 

DO 

ex 

05 


pH 

•H 

•H 


•C 

o 

10 

4-> 

x 

E 

C 

c 



c 

3 

X 

<X 


V) 

•H 

10 


04 

o 

O 

o 

3 

05 

O 





4-» 

0> 

X 

Xi 

u 

•H 

X 

•H 


U 

X 

3 

X 


T3 

o 

^1 

X) 

3 


44 

44 



4-) 

CO 


DO 


C 

o 

ex 


+-> 

3 

3 

3 

• 

CO 


3 

•X 


CO 



e: 

O 

Xi 

3 



”3 


4-» 

3 

X 



•H 

c 

3 

CD 

3 

X 

3 


3 

c 

I-H 

> 



0) 

•o 

o 

o 

(44 


•H 

3 

• 

X 

•H 


•H 

E 


> 

1 

•H 

4= 

3 

10 

•3 

3 

e; 

O 



DO 

O 


•H 

Q> 

4-> 

10 

C 

3 

1 

X 

o 

C 

4-» 

• 


X 



c 

o 


CD 

•H 

O 

ex 

•H 


3 

>S 

X 

(X 


V) 

o 

0> 

10 

B 

44 

5 


V) 

X 

0) 


u 



o 


u 

CD 


Xi 

44 

c 

CO 

pH 

E 

0) 

•H 

3 



05 

•H 


4= 

3 


o 

05 

i2 

0) 


X 

X 

/— N 

Od 

.c 

TJ 

04 

4-4 

ex 

3 

•H 

u 

3 

> 

•pH 

3 

p-H 

vO 

E 

4-> 


rH 

•H 

o 


44 

w 

o 

o 

pH 


3 


o 


O 

X) 

3 

Xi 

3 

•H 

u 



3 


u 


3 

■H 


ex 


3 

o 

> 

Pd 

CO 

C 

3 



o 

4J 

(J 

44 



X 

o 

3 

E 

•H 

o 

X 


*k 

u. 


3 

c: 

10 

• 

• H 


X 

•H 


•H 


D 

i) 


0) 

•T3 

04 

10 

c: 

"3 

T3 

ex 


CO 

4-> 

X 

CiO 

•-H 


J= 

O 

E 

3 

o 

1 

c 



3 

o 

tX 

• H 

•iH 

• 

4-> 

e4 

04 

Xi 

•H 

3 

cd 

3 

0) 


E 

X 


in 

0> 


ex 

04 

ex 

44 

e: 


3 


3 


3 


C 


Xl 

o> 

Xi 


3 

o 

0) 

3 

4-> 

•o 

•3 

X 


0> 

•H 

o 

Xi 

DO 

i-H 

3 


^H 


U 

O 

3 

o 


4-> 

4-> 

u. 


CD 

3 

X 

3 

•H 

X 

3 

E 

0) 

X 





o> 


c 

•H 

4= 

(0 

3 

(4-1 


X 

ei. 


(U 

t— 1 


4-> 

c 

o 

"3 

44 

c 

X 


C 

CO 




CO 

• 

•H 

•H 

•H 



05 

X 


•H 

CO 

•3 


3 


>s 

3 


44 

4ie 

c 

<P 



o 

3 


4-> 


4-> 

cr 

CD 

3 

3 

3 


DO 


05 


X 


CD 

•a 

Xl 


44 

3 

3 

4S 

-C 

c 


CO 

u 

3 



05 

0> 

c 

CD 

Xi 

3 

44 


■H 

• 

cd 


3 


0> 

(A 

a 

04 

TJ 

•H 



O 

•3 

o 

05 

bO 

3 


cx 

W 

o 

04 


•3 

3 

X 

Xi 

C 

•H 

u 

3 

3 


B 

05 

xi 

X4 


1 

4= 

3 


o 

E 

o 

•H 

E 


V 


ex 


(/) 

3 

44 

3 

c 

X 

3 

c 

CO 




cx 


04 

05 

e: 


o 

•H 


X 

•H 

3 

X 




JZ 

> 

3 

o 

e: 



X 

3 



X 


E 


o 

CD 

O' 


•H 


*c 

3 

U 

c 

-o 

DO 


O 

CO 

CD 

4= 

•rt 

3 


X 

oo 

X 


cd 

05 

c 


o 

c 

V 


c 


X 


•H 

•H 

•3 


3 

3 


u 

o 


CD 

4= 

o 

4-> 

-C 

(X 

•H 

-o 

•H 

X 



•H 


+J 

(4 


•H 




^H 

3 

cd 

X 


Q> 


o 

CD 

04 


X 

00 

05 

(X 

o 

rt 

4-» 

3 


JZ 

U 

(4-1 

T3 

44 

• 

3 

•H 

4-> 

O 

CO 





4-> 

0) 




tx 

§- 


•H 



05 

o 

X 



)h 

c 

04 

»-H 

C_4 

V) 

3 

X 

3 

u 


3 


W 

•H 

3 

10 

CD 

X 

CA 


O' 

c 


3 

CO 

3 


» 


O 

04 

(4 



T) 


3 

C 

pH 

3 

X 


o 

1 

43 


•H 

•3 


C 

CO 

O 

3 

♦H 


3 


X 

o 

10 

44 

C 

C 

cd 

•H 

E 

x: 

3 




in 




e: 

3 

cd 



3 

4-) 

(4H 

3 

X 




in 


04 




05 



1 

•rt 

DO 


0) 


•H 

• 

•3 


c 

C5 

U 

rX 

4-) 

o 

3 

•H 



-o 


c: 

•H 


o 

•H 

3 

•X 

3 

4-» 

p 

X 


3 

c 

10 

3 


w 

•H 

Pk 

i-H 

3 

E 

1 

4-» 



C30 

CO 

4-> 

o 

DO 

oc 


o 

•pH 

E 


3 

CO 

3 


•H 


c 

4= 

C 


u 

u 

3 

3 

U 

•H 




t4H 

»-4 

•H 

10 

•H 

•4 

05 

4^ 

(4-4 


0) 


05 



CO 

o 


10 

o 

u 

O 

1 


-c 


> 



to 

C 

ex 

(0 

=4 

o 

•H 

(0 

o 

♦H 

4-4 

•pH 



•H 

o 


•H 



-T3 

•H 

4-> 

3 

<4H 

CO 

CO 

• 


cC 

•H 

CD 






1 

> 



CO 

05 


w 

4 -) 

C -H 
•H G 
O -H 
CL, 1— ( 


I OO 

•-I c 
.J o 

c 

o m 


CD 0> 
-H M 


CD 0) 




O CD 
U (4H 


ULLLULLLliL 


U li U U il L L 


PHYSICAL PROPERTIES OF AMES FABRICATED SILICA RSI 





LJ 



3 



_) 

LJ 


< 

3 


> 



X 

(_) 



< 

X 


LlI 

(_> 


X 

o 

< 

LJ 

Z 

o 

Lt. 

X 

H 


o 

O 


li. 


z 

cn 

o 

o 

1— 

< 

CL 

z 

u 


o 

X 

<I 

Q. 

cn 

1— 


in 

< 

< 

o 

O 

t- 

X 

> 

►— 

< 

o 

o 

5 

cr 

p 

X 

O 

q; 

u. 

in 

Li. 

Ll. 

Li. 


o 

o 

U 

LlI 

LJ 

z 

O 

O 


< 

< 

X 

(T. 

X 

LJ 

LlI 

LJ 

H 

> 

> 

LJ 

< 

< 

O 

* 

* 

* 



* 


* 


U 


li U L 


L U 


y li 11 U 11 L L 


Figure 16 































1 








00 


3 













3 


3 

CM 



* 

1 




3 

p 

3 

p 



E 

d 

d 


X 


Pi 






c 





3 

3 

00 

O 

3 


3 

p 


•H 


3 


V 


d 



P 

p 

0 


H 







o 





3 

3 

d 


3 


'O 

3 



• 

3 

3 

3 

3 



0 

p 

p 

*d 



0 


3 




•H 


1 

P 


x: 

a 

p 

3 

> 

t 

•H 

CL 

d 

• 

p 

G 

3 

s 

t 

a 



p 

3 

p 

3 



cn 

X 

3 




•P 


P 

Cd 


p 

< 

p 

3 

P 

3 

X 

0 

0 

c 

3 

G 

p 



00 



P 

0 

p 

p 

• 


cn 

p 

P 




O 


QJ 

-3 




3 

D 

3 

P 

0 

P 


3 

> 

d 


3 

p 

3 


d 

G 

3 

3 

3 

• 

m 

P 

P 




cd 


CL 

a 


3 

3 

O 

3 

3 

D 


CL 33 

bO 


3 

p 

P 

CL 

P 

p 

3 


0 

p 

00 

3 

p 

> 

H U 





(0 

O 

3 


P 

43 

G 

G 


p 

p 


3 


p 


3 

" 

J 


d 

p 


HD 

CL 

d 

3 

P 



0 




<u 

P 

P 

O 


O 

P 


3 

3 

3 

i-H 

rH 


rH 

p 


00 

3 

00 

d 

3 

3 

a 

p 


P 

p 

3 

fO 




u 

<U 

o. x> 


3 


3 

X> 

T3 

P 

3 

3 

3 

3 

p 

0 

p 

*r 


G 

p 

3 


3 

0 

3 

d 

P 

0 

HD 

• UH 




C 

a 




P 

P 

3 


•H 

3 


G 

p 

P 

p 

p 

0 

C4- 

4 

d 

p 

p 

d 

d 

G 


p 



3 

X 




•H 

Cd 

00 

G 


CM 

O 

3 

d 

X 

CL 

0 

•H 

CL 

CL 

3 


p 



3 


•o 

p 

p 


< 

p 

3 

3 

E 

pL| P 





a 

c 

•H 


3 

CM 


3 

o 

a 

G 

3 

3 

3 




3 

p 

3 

3 

3 


3 


X 

X 

3 


0 




0) 


•H 

a 




3 


3 





3 

p 

/— s 

X 


p 

X 

p 

p 


3 


3 

P 

P 

3 

0 3 





0) 

P 

o 


00 *3 


O 

d 

p 


x: 

3 

3 

p 

p 

u< 

■L 

J 

p 

p 


X 

p 

3 

• 



d 

3 

0 > 




P 

*c 

Cd 

p 


d 

3 


XI 

o 


3 

CL -H 

x: 


3 

0 



a 


-d 

0 

p 

P 

p 

3 

d 

p 

P 

0 0 





p 

o 

3 


•H 

CL 

• 

G 

p 

p 




p 

p 

0 

00 

d 

3 

3 

d 


d 

00 

d 

p 

p 

3 

P 

CM X 




M 


a 



P 

O 

3 


o 

3 

•H 

00 

3 


3 

G 

m 

•r 

•1 


< 

3 

0 

p 


G 

p 


P 

H 

w cO 




CO 

c 


CM 


3 

rH 

00 

3 

Xi 


X 

d 

d 

x: 


3 

p 



3 



p 


P 

G 

p 

•d 

3 






0) 

•H 

p 

o 


3 

3 

d 

3 


0 

0 

•H 

3 

p 

3 

P 


c 

x: 


*d 


3 

G 

0 


3 

a 


HD 




6 


c 



X 

> 

•H 

3 

3 

rH 

a 

P 

CL -H 

p 

> 



p 

• 

3 

c 


3 


3 


a 

• 

0 3 




< 

T3 

cd 

C 

• 


3 

P 


g 


3 

0 





c 

) 


c 

p 

3 

d 

X 

P 

p 

d 

3 

00 

X P 





0) 

o 

o 

y—*\ 

3 

*3 

3 

P 

3 

d 

0 

P 


p 

HD 

0 

X 


3 

3 

p 

3 

p 

3 

P 

X 


p 

d 

X ^ 
G 




p 

,jO 

•H 

•M 

o 

> 


O 

O 



•H 

G 

CL 

d 

3 

d 

fO 

3 

3 

0 

p 

X 

3 


P 

3 

p 


p 




< 

•H 

CM 

P 

iM 

•H 

00 

G 

G 


P 

a 


0 

3 

p 

3 





X 



p 

3 


P 

3 

p 

4 ^ 

P X 





P 

•H 

3 


P 

d 



• 

3 

0 

iM 

P 

4 ^ 

p 


r-) 

3 

3 

3 

3 

3 

X 

X 


d 

X 

3 

G 






CJ 

c 

d 

3 

O 

•H 

•3 

> 

3 


p 

3 

P 

3 

p 



d 

•d 


G 

3 

0 

p 

3 

3 

p 

a 

3 

0 P 

• 



• 

CD 

OO *H 

U 

3 

3 

3 


G 

P 

x: 

d 

•H 

p 


P 

p 

0 

p 

3 

3 

X 



00 

3 

p 

P 

P 0 

3 



c 

0) 

•H 


d 

> 

X^ 

P 

3 

•H 

d 

0 

•H 

d 


3 

P 

3 

*r 

4 

X 

P 

d 


0 

d 

3 



3 

G 

d 

P 



o 

T3 

(0 

a 

3 

d 


3 


rH 

G 


CM 


3 

x: 

P 


P 

0 

3 

P 

3 

p 

0 

41 : 

a 

3 

X 


00 

d 

w 


p 



o 

P 

o 

3 

Ou 

•H 

G 



d 

3 

p 

P 

-o 

G 



d 

00 



d 


X 

p 

3 

d 3 

G 

z 


p 

CO 

0> 

CJ 

3 

G 

P 

3 


3 

0 

3 

3 

•H 

3 


P 

3 

3 

a 

P 

p 

d 

p 

00 p 

0 

p 


P 

p P 

G 

o 


cd 

<d 

uc 

3 

CM 


3 

P 





x: 


3 

3 

3 

P 

3 

d 

3 


p 

3 

d 

p 

d 


d 

P 

p 3 

0 

M 


N 


p 

P 

3 

O 


a 

• 

3 

0 

•H 

p 

d 

3 

p 

P 

P 



p 

>v 

d 

p 

•d 

p 

X 


d 

0 

P 

3 


H 


•d 

'O 



P 

P 

2 


y-s 

3 

P 



0 

CL «H 

0 

•o 

3 

a 

3 

3 

3 

p 

HD 

3 

X 

0 



3 >» 

3 

O 


E 

0) 

00 

P 

Nw/ 


a 


p 



P 

3 

•H 


4= 

> 


3 

0 

P 

3 

0 

0 

d 


p 


00 

3 

X 3 

00 

U 


•H 

•H 

c 

o 


3 

3 

»M 

O 

3 

3 

3 

p 

3 

P 

> 


3 

C 

) 

p 


X 

G 


3 

3 

p 

p 

d 

P 

X 

3 

C/3 


P 

-o 

o 

CM 

3 

3 

P 

P 

G 

a 

3 

G 

G 

d 

0 


P 

P 

V 

4 

x: 

a 



d 

CLP 


d 

p 

3 

p p 

4<J 



CL 

3 

a 


CJ 

•3 

3 

d 


3 

3 


3 

3 


X) 

0 


G 

G 

0 

0 

3 

p 

3 

p 


3 

p 

> 

3 

d 

CO 


O 

p 

< 


d 


>> 

3 

> 

3 

rH 

d 

CM 

CL 

P 

(U 


00 




p 

3 

X 


•d 

p 


*d 

3 

3 

p p 

p 

CO 



CO 


CJ 

3 

P 

3 

G 



00 

0 

CM 


3 

>> 

d 

d 

60 

00 

p 

p 

P 




U4 

d 

0 

3 

p p 

p 

Q 


00 



d 

P 

3 


3 


3 


G 

3 

d 

X 

(0 

0 

p 

C 

d 

0 

3 


• 

3 

p 

0 

3 

G 


3 

X 

pii 


c 

00 

• 

3 

CL 

G 

OO 

P 

3 

x: 

3 

•H 


3 

i 

M 

p 

p 

T 

i 

p 

X 


00 

3 

P 

d 

0 

CL 


d 

HD 

3 

u 


•H 

c 

CO 

•H 

P 

G 

d 


3 

p 

43 

rH 



3 

CL P 

3 

P 

> 


3 

d 

p 

0 

3 

0 

3 

3 

p 

X 3 




P 

•H 

OO 

CJ 

O 

O 

•H 

O 

3 


P 

•H 

tH 

3 

d 

3 

3 

0 

3 

3 

3 

> 

p 

p 

a 

G 

0 

'd 



G P 

p 

o 


Cd 

0) 

c 

•H 

3 


P 


rH 

Ps 


3 

00 33 



d 

G 

0 

X 

X 

3 

p 

p 

P 

CM 


00 

3 

3 3 

d 

z 


o 


•H 

CM 


P 

3 

P 

OOrH 

cp 


d 

•H 

3 

3 

p 


G 


p 

X 

p 


p 

P 

'w" 

3 

d 

p 

P 0 

3 

M 


o 


•a 

CM 

3 

3 

O 



p 

0 

3 

0 

rH 


P 

•s 

3 



•t 



p 

3 

0 

P 


P 

p 

p 

G G 

G 

H 



0> 

o> 

Q> 


x: 

G 

CM 

o 

3 


3 

p 

0 

p 



3 

00 

d 

3 


X 


d 


3 

p 

d 


P 

< 


(0 

p 

0) 


P 

p 


O 

o 

3 

00 


p 

3 


P 

0 

X 


d 

p 

00 

d 

p 

3 

000 


p 

3 

-H &s>4-l 

O 

✓-N 

•H 

Cd 

o 

O 

3 


•t 


o\ 

d 

d 

43 

3 


>^ 

3 

G 


h 

4 

p 


d 

p 


3 

p 


3 

p 

3 

P P 

P 

C-> 

r>. 



o 

•H 

»H 

3 

3 

3 



•H 

0 


P 







p 

3 

p 


p 

p 

3 


P 


p 

P P 

d 


iH 

P 

p 

P 

P 

O 

00 

3 

d 



d 

d 

p 

d 


3 

P 

• 



3 

•d 

p 

a 

0 

d 


d 

p 


^ 3 

00 

M 


c 

c 

CP 


3 

d 

00 

o 

00 

p 

3 

3 

d 

3 

T3 

P 

3 

P 



0 

p 

3 

3 


d 

0k 

P 

p 

3 

•d 

P 

p 

CO 

0) 


0) 


fH 


•H 

d 

tH 

d 

3 

p 



G 

3 


(X -H 

HD 

G 

X 

0 

p 

3 

t 

00 


3 

X 

d 

>» 3 

3 

C3tf 


a 

a 

(U 

3 

*3 

P 

3 

P 

•H 

> 

p 

s 

a 

P 

rH 

•o 

0 


3 


u 

CJ 

X 

00 

d 

P 

p 

p 

3 

3 3 



D 

CL 

Cd 

(0 

P 

d 

3 

43 

G 

d 


0 

p 

00 

3 

rH 

d 

P 

c 

0 

3 

P 

3 


0 

3 


0 

3 

3 



X 3 

X 

< 

00 

o 

o 

0) 

3 

3 

O 

G 

3 

P 

3 

3 

43 

•H 

CL 

0 

0 

CL P 


J 

3 

G 


p 


3 

p 



3 

d 

P G 

G 

o 

•H 

rH 

p 

X 

O 


G 


3 

o 

•H 


00 

CL 


P 

G 







• 

cx 

d 

> 


P 

a 

p 

0 

G 

P 

M 

lu 

0) 

•H 

p 


* 


00 


o 


00 -H 


0 

P 

3 

3 

3 

C 


3 

d 

a 


p 

p 

0 

d 

3 

X 

p 

3 d 

X 

hJ 


> 

> 


3 

3 

CM 

d 

3 


4:: 

d 

3 

3 

cn 

d 

3 

42 

P 

3 

P 

0 

p 

S' 

p 

p 

0 

0 

p 

3 

p 

G 3 

> 

M 


0) 

c 

CM 

U 

O 

O 

•H 

3 

4= 

G 

iH 


G 


0 


P 

S 

3 


G 

0 

X 


p 

X 

1 

P 

3 

d 


CO 


-o 

Q> 

o 

3 

d 


P 

O 

P 

•H 

> 


d 

3 

G 

3 


X 

> 

3 

P 

p 

3 

3 

p 



p 

3 

G 

p 3 

P 






CM 

3 

d 

3 

P 

iH 

43 

0 

*d 

3 



42 

3 

P 



d 

P 

p 

a 


0 

3 

d 

3 

d 

P 

3 X 

3 

Pk 


M 

00 M 

P 

P 

o 

O 

G 



rH 

•H 

p 

« 

3 

P 

3 

0 

3 

0 

P 

d 

p 

p 

p 

p 

3 


d 

P 


P 

O 



C 

M 

3 

P 

•H 

G 




rH 

rH 

p 

p 

P 


4D 

3 

> 



3 

3 

u 

d 






P 

p d 

P 

U 


•H 


3 

•M 

P 


3 


P 

3 

0 

•H 

d 


0K 


d 


i 

< 



CL 

3 


3 

p 

a 

0 

P 

p 3 

3 



P 



a 

iH 

3 

P 

•H 

d 


3 

a 

0 

3 

-o 

P 

p 

X 



00 

Ss 


G 

pL 

a 

0 

p 

3 

P 

3 G 

Wk 



CM 

Cd 

a 

•• 

3 

3 

3 

3 

G 

3 

p 


3 

x^ 

3 

3 

P 





d 

p 

3 

P 0 

p 

p 

p 


P 


3 

5 


o 

Q) 

3 

3 


0 

3 


3 

■H 

0 

P 



3 

P 


3 

3 

• 

p 

3 


P 

0 

p 



3 

> 

P UH 

3 

H 



x: 

iH 

P 

rH 

P< 

3 


G 

G 

d 

3 

3 

d 

P 

3 

p 

3 

X 

d 

> 

P 

0 


60 T) 

p 

3 

3 UH 

P 

U 


CO 


0 

3 

3 

a 

P 

P 

G 

•H 

5S 

3 


d 

4^ 

CL 



5 


G 

p 



d 


00 

d 

d 

3 

*d 

P 

d 

P 


p 

0) 

> 


P 

o 


3 

•H 

CM 

> 

G 

0 

G 

CL 

d 


cr 

P 

3 

3 


00 CM 

d 

p 

3 


•d CM 

d 



O 

> 


-3 

O 

G 


00 

P 

«M 


P 



P 

3 

3 

p 

•r 

j 

0 

p 

p 

• 

P 


p 

p 


CM 

HD 

3 

p 

H 


0) 

•H 

c 

3 

P 


-3 

•H 

O 

3 

3 

3 


p 



G 

G 

C 


P 

g 

3 

3 

3 


p 

p 

3 

0 

P 

P HD 

a 

CO 


CL P 

•H 

•H 


rH 

3 

CM 

43 

0 

43 

CL 

• 

0 

P 

00 

3 

3 

X 



0 


3 



p 

p 

p 

P 

a 

3 d 


g 


00 

O 


CM 

*3 

3 

P 



G 

P 


•o 

<M 


d 

Xi 


c 

1 

3 

G 

3 

P 

P 0 

p 


d 

CM 

3 

0 3 

3 



CO 

0) 

P 

•H 

d 

G 

3 

3 

3 



0 

3 


00 p 


G 

3 

C 


00 

d 

d 

0 


>s p 


p 

G 

> 

CJ 



> 

P 

P 

3 

•H 


•H 

P 

d 

CM 

rH 

P 

00 

d 

3 

•3 

P 



3 

00 

d 

p 

0 

ON 

3 

X 

3 

P 


00 

p 

M 



c 

Cd 

d 


a 

O 

x: 

3 

0 

0 

1 

•H 

d 

p 

x> 

3 

P 



P 

d 

p 

3 

X 

m 

X 


p 

0 

3 

3 

p 

s 


Cd 

0 


3 

rH 

3 

P 

p 

CL *fH 


m 

3 

•H 

p 


3 

0 

00 

>, -H 

p 

p 

P 

p 

p 

HD 

3 

P 

3 

X P 




o 

u 

0) 

*3 

3 

x: 




3 


3 

fH 

3 

3 

d 


c 


P 

p 

3 

3 

P 



3 

CL 



CM 

d 



•H 

d) 

p 

•H 

p 

G 

P 

d 

00 

d 

P 



rH 

0 

p 



•r< 

1 

3 

3 

0 

CL 


3 

p 

d 

a 

P 

d 

P 

3 



P 

CO 


p 


3 

o 

d 

3 

•H 

p 


•d 

G 


3 

3 

L 

1 

G 

0 

G 

a 


> 

p 

p 

3 

3 

3 

0 3 

X 



•H 



d 

u 

d 

•3 


•H 

Q. 

3 

d 

d 

a 


00 p 

42 

•r 

1 

3 

G 


3 

00 

0 


3 

p 

X 

G 

d p 

p 



P 

p 

•3 

3 

3 

•H 

P 

d 


X 

0 


3 


3 

d 


P 

P 

1 



3 

p 

d 

X 


p 


P 


d 0 




O 


c 

3 

CL 


O 


d 

3 

G 

a 

42 

rH 

g 

p 

'O 




X 

•d 

3 


p 

3 

• 

X 

00 p 

3 

3 X 

3 




*c 

cd 


3 

3 


o 

3 


3 

eo ft 

rH 

p 

P 

'd 

P 

p 

0 

3 

3 

3 

p 


p 

0 

d 


> 

G 

p 



0) 

p 




3 

d 

JC 

rH 

rH 


«iH 


3 


3 

d 

d 

G 



p 

X 

d 

3 

00 

d 


p 

X 

0 

p 

Q 




•H 

• 

3 


00 M 

CO 


A 

CL 33 

Xi 


0 

p 

3 



d 

3 

P 

0 

0 

d 

3 

3 

p 

P 

X 

X ^ 
00 X 

a 



p 

> 


> 

3 

d 




M 



3 


• 

G 

p 


P 

1 

3 

>» 


p 

G 

p 

a 

X 

3 

P 

3 






Cd 

3 

3 

3 




M 

3 

3 


P 

3 



00 

3 

1 


3 

0k 

p 


p 

p 


0 



ON P 

p 



CM 

CO 


-d 

iH 

43 

• 

• 


3 

xz 

G 

*o 

3 

P 

P 

G 

d 



00 P 

3 

3 

'd 

p 

3 

d 

G 


P 

p p 

0 



o 

00 p 


CJ 

G 

3 

M 


X 

P 

d 

3 

P 

P 

3 

P 

p 

g 


d 

1 

3 

> 

3 

p 

3 

3 


3 

0 


p 




c 

0) 

p 

3 


3 

CO 

3 

P 


3 


P 

P 

>» 

d 

>» • 

d 


p 

0 

P 


Q 


p 

G 

3 

•d 


P X 




Q> 

•H 


3 

CL 

3 

•H 

0^ 

•3 


P 

p 

3 

C 


3 

3 

3 3 

C 


3 

& 

3 

P 

d 

3 

p 


P 



0 H 




C 

P 

* 


3 


P 


§ g 

3 

p 

•H 


M 

P 

00 

p p 



d 

p 

P 

3 

p 

3 

3 

00^ 

a 

a 

X p 

Pl 



o 

Cd 

p 

P 


U 

3 


t 



CO 

1 

p 

CL d 

<! 




P 



p 

p 

c 

3 


0 


0 




0 

OJ 


P 


3 

G 


rH 

0 


• 

tx 

0 

0 

3 0 



HD 

3 

3 

-d 

>\ p 

CL P 


3 

0 

p 

0 




CJ 

CO 

3 

3 


CL *H 

3 


rH 

0) 

• 

3 




42 



3 


d 

3 

p 

3 


p 

0 

3 

0 

3 3 

0 





•H 

3 



O 

rH 

P 

3 



G 

3 

3 

P 

3 

P 



P 

-d 

p 

P 

p 

cr *d 

3 

P 

p 

cn 

X HD 

m 




CM 


•H 

3 


P 

•H 

3 

P 

0 

c 

P 

•H 

x: 



d CH 



P 

d 

p 

p 

d 

3 

d 

0 

P 

p 

CM 

P 3 

CM 




0 


P 



o« 

3 


•H 

P 

c 

3 

P 

p 

3 

p p 



P 

3 

p 

p 

p 

p 

3 

G 

3 

H 


p a 

s«/ 


188 




MICROSTRUCTURE OF SILICA RSI COATING CROSS SECTIONS 



ONE LAYER 






MICROSTRUCTURE OF SILICA RSI COATING SURFACE 
(Figure 18) 
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Figure 19 



This study has shown that the devitrification and shrinkage of both the raw Microquartz 108 
fiber and the finished tile correlate with the level and type of impurities in the fiber. As little 
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shows that the isotropic tile has a substantially higher thermal conductivity. 
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Figure 20 
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Figure 4 



SPECTRAL TRANSMITTANCE OF DYNAQUARTZ 
(Figure 5) 
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Transmittance was measured by the substitution method whlc^ Involved three measurements, and 
was calculated from: 
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These equations were solved for the case where absorption Is negligible. 
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TRANSMITTANCE AS A FUNCTION OF SPECIMEN TEMPERATURE 

(Figure 10) 
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tem modification has been achieved through the use of a high purity hafnia pigment. Improved surface-coating phase 
and dimensional stability have been achieved through this surface coating change while still retaining its original 



228 


L li U L L 


L U L L U U 


IL ^ 


11 


11 


L L 




Figure 1 



PHASE STABILITY OF MOO-1B REI-MULLITE 

(Figure 2) 
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DIMENSIONAL STABILITY AFTER 5 HR EXPOSURE AT 1644°K 
AS A FUNCTION OF FIBER COMPOSITION 

(Figure 3) 
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Figure 3 



THREE-DIMENSIONAL ALTERNATE CUBE SPACE FRAME MODEL 

(Figure 4) 
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STRESS COMPONENTS ASSUMEO IN MATHEMATICAL MODEL 

(Figure 5) 
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Figure S 


TYPICAL MECHANICAL BEHAVIOR PREDICTIONS OF THE MICROMECHANICAL MODEL 

(Figure 6) 
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Figure 6 


EFFECT OF FIBER DIAMETER VARIATIONS ON THERMAL CONDUCTIVITY 

(Figure 7) 
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EFFECT OF FIBER DIAMETER VARIATIONS 
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Figure 7 



EFFECT OF Cr203 FIBER: VOID OPACIFICATION 
ON THERMAL CONDUCTIVITY 
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GUARDED HOT PLATE METHOD FOR HIGH TEMPERATURE 
THERMAL CONDUCTIVITY MEASUREMENTS 

(Figure 9) 
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Figure 9 
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Figure 10 



ORIGIN OF ORBITAL ANO ENTRY THERMAL RADIATIVE REQUIREMENTS 

(Figure 11) 
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SELECTION OF AN OPTIMIZED THERMAL RADIATIVE COATING SYSTEM 

(Figure 12) 
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Figure I 3 



MICROSTRUCTURE OF SR-2 TYPE FILLED GLAZE SURFACE COATINGS 

(Figure 14) 
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Figure 14 




X-RAY DIFFRACTION PATTERN 
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Figure 16 
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Lowest thermal conductivity 
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Figure 1 


HOT STAGE X-RAY DIFFRACTION EVALUATION PROCEDURES 

(Figure 2) 
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HOT STAGE X-RAY DIFFRACTION 
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HOT STAGE X-RAY DIFFRACTION EVALUATION AND SELECTION 

PHASE I MATERIALS 
(Figure 3) 
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TEMPERATURE 

Figure 3 
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TEMPERATURE 











QUANTITATIVE X-RAY DIFFRACTION PROCEDURES 

(Figure 5) 
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COMPARE INTEGRATED INTENSITIES TO THOSE OF STANDARD MATERIAL 
MEASURED UNDER SAME CONDITIONS 

Figure 5 


QUANTITATIVE X-RAY DIFFRACTION EVALUATION OF LI-1500 MATERIAL 
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Figure 6 


LMSC SIUCA RSI MORPHOLOGY 
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SUMMARY OF EVALUATIONS CONDUCTED 
(Figure 1) 
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MATERIAL CHARACTERIZATIONS 
(Figure 2) 
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Figure 2 


TOP VIEW OF TYPICAL CUTTING FORMAT SHOWING SAMPLE UTILIZATION PLAN 

(Figure 3) 
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dovm on a magnetic table, shimmed at each edge with steel shim stock, and the residual 
Insulation ground off to within 0.25 to 0.50 mm (0.01 to 0.02 inch) of the glassy zone. 


TDP VIEW OF TYPICAL CUTTING FORMAT SHOWING SAMPLE UTILIZATION PLAN 
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Figure 3 




SHEAR TEST TECHNIQUE 
(Figure 4) 
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properties between coated and uncoated samples, many of the samples failed near the face 
that corresponded to the center part of the original panel. The implication that the center 
portions of the RSI panels were weak, however, was not confirmed in cross-plane tensile tests. 
Stress-strain curves began deviating from linearity at about one-third the fracture stress at 
an elastic strain limit of between 0.10 and 0.20 percent. 
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SCHEMATIC DIAGRAM OF LEVER-ARM EXTENSCTIETER USED FOR STRAIN MEASUREMENTS 

(Figure 6) 
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SCHEMATIC DIAGRAM OF LEVER-ARM EXTENSOMETER USED FOR STRAIN MEASUREMENTS 
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COMPRESSIVE TEST TECHNIQUES 
(Figure 7) 
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COMPRESSIVE PROPERTIES VERSUS TEST METHOD 
(Figure 8) 
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AVERAGE ROOM-TEMPERATURE PROPERTIES OF INSULATORS 

(Figure 9) 
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STRAIN TO FAILURE, PERCENT 0.41 0.61 0.51 

Figure 9 


TENSILE PROPERTIES OF COATINGS 
(Figure 10) 
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IN-PLANE PROPERTIES OF INSULATORS AT 1367°K (2000°F 

(Figure 11) 
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Figure 1 1 


TYPICAL CREEP BEHAVIOR OF INSULATORS AT 1370 °K 
(Figure 12) 
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EFFECT OF FURNACE CYCLING ON MECHANICAL PROPERTIES 

(Figure 14) 
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Although the coefficient was Increased, the expansion curve was linear on heating, and 
only 0.01 percent length change occurred at an inversion near 500“K (450“F) on cooling. 
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Figure 16 
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calculated at 12.64 m^/g, agreeing within 2% of areas determined by nitrogen adsorption, 12,85 m^/g. The 
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(Figure 1) 
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porosity then accounts for about 11% of the total porosity. 


PORE SIZE OF SOME RSI TILES BY MERCURY POROSIMETRY 
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EFFECTS OF HEAT TREATMENT ON RSI 
(Figure 2) 
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Figure 






Bulk Density Map of GE MOD lA Til 
at Mid-Level 
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A COMPARISON OF BULK DENSITIES FROM POROSIMETRY AND 
DIRECT MEASUREMENTS ON AN RSI TILE 
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Figure 


Mercury porosimetry gives a means of characterizing RSI tile pore structure in terms of 
porosity, pore size distribution, bulk density, specific surface area, mean pore diameter, and mean 
fiber diameter. It also allows the determination of the effects of heat treatment on these parameters. 
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HIGH TEMPERATURE EMITTANCE APPARATUS 
(Figure 1) 
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to measure and control the furnace temperature. 


HIGH TEMPERATURE EMITTANCE APPARATUS 
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Figure 1 




EQUATIONS GOVERNING CALCULATIONS 






• 


V 

>» 






0) 

p 


J3 

rH 

d 





JS 

3 


P 

«D 

V 

• 



V 

P 

P 



Cd 

p 

r*N 



JS 


P 


P 

c 

CO 

fO 


c 

p 

0 

P 


O 

o 

u 



•H 


p 

CO 



0) 





o 



c 

>R 

cd 

o 


t3 

p 

p 

3 

V 


0) 

c 

0 


a 


<0 

M 

s 


p 

•H 



c 

c 

p 




•P 


•ri 


o 


a 

p 

cd 

4> 

Cd 


u 


p 

• 

Si 

CO 


£ 

d 


U 

•p 

p 

01 

a 

4> 

H 



09 

u 

p 

u 

09 

V 

P 


0> 


0) 

s. 

o 

c 


rH 

O 




T) 

& 

a 

P 


P 

• 

o 



CO 

o 

p 

09 

P 

V 


•H 


09 


V 

p 

0) 

C0 

P 

CM 



C 

p 

Pi 

P 

P 


1) 


c 


O 

09 


B 


><: 

fi 




■H 

V 

>> 

P 

4) 

0 

P 

c 

o 



p 

P 


X2 

Q 


o 

JS 


(0 


P 


P 

O 

• 

p 

CO 


3 

0) 

O 



d 

p 



o* 

JC 

0) 

p 


P 

c 

C0 

(0 


V 

p 

V 

p 

P 


(0 

3 

cd 




p 

o 

VP 

d 

X3 

o* 



>» 

>> 

d 

t 


c 


4) 

•s 



p 


a 

a 

s 


4> 




09 

CO 

o 


3. 

S’ 

P 


CO 

d 

P 


p 

Q 


d 


£ 

0) 


o> 

p 

o 

lf\ 

p 

p 


■P 

p 

c 

o 

C0 

CO 

p 

09 



00 

cd 


C 

3 



3 

P 


c 

Vi 

i 

0) 

O' 

c 

Q 




o> 

V 

p 

p 

V 

o 

P 

d 

d 


fH 

c 

o 

0> 


V 


4) 

p 


0> 

u 


Vi 

c 

» 

P 

P 

o 


> 

00 

t) 

p 

p 


(0 

N 


(0 


09 

P 


o 

4) 

P 



» 

V 



V 


JS 

d 

A 

CsJ 


SP 

P 

V 

o 


P 

u 

<0 


0) 

U 

J3 

a 

00 


p 

P 

Oj 

+i 

p 

c 

P 

(0 

V 

c 

a 

P 

u 

V 

iH 

p 


P 

p 

p 

u 


0 

Vi 

O 

p 


P 

3 



4) 

00 

O 

> 



P 

d 

4) 

£ 

•H 

09 


Vi 


C0 

4) 

£ 

P 



p 

« 

0> 

V 

P 

p 




3 

p 

o 



10 

e 

¥ 



Pi 


c 

c 

& 

o 

3 

£ 


+» 

P 

V 

«0 

5 

B 

0 

o 

p 


«d 

3 

JS 

p 

o 

V 

P 


09 



O 

p 

p 

a 

P 


4> 

3 


■d 



p 



09 

u 




V 

s 

a 


P 

p 

e 

•1 


C 

i-H 

p 

0) 

« 

o 


3 

>> 



P 



sz 


c 

p 

P 


1 

Pi 

g 

d 

V 


p 


1 

p 

p 

P 

41 


V 

B 

p 

p 

d 

• 

p 

B 

O 


■p 

K 

p 

p 

a 


u 

V 

P 


i! 

V 

p 

u 

C0 


¥ 


P 


d 

J3 

0) 

Si 



1% 





P 

c 

09 

cd 

09 

A 

fi 


0) 



CO 

4> 



9 

3 


Vi 

P 

00 


00 

P 


c 



£ 


a 

C0 

o 

09 

0 




P 

v 


P 

H 

4) 

C 

d 


«> 


S’ 

B 

P 

C0 

P 




U 

Vi 

P 

o 

u 


'S 

a 


c 

O 

p 

o 

► 


4) 

C 


« 


p 

Si 


CO 

JS 

p 

o 


•p 

O 

o 

d 

p 

P 

o 

Vi 


p 

P 

► 

09 

o 



p 

p 



P 

P 

p 

P 


V 

o 

>» 

Vi 

Si 


0) 

P 

3 

09 

09 

e 


O 





Pi 

V 

«0 

S 

d 


CO 


Vi 

« 

P 

P 


p 

4) 

« 

cd 


O 

J3 

3 


1 

p 

p 

3 

> 


09 

H 

O 

V 

x: 

o 


« 

p 


d 


V 


4) 

p 

» 

o> 

d 

> 

o 


3 

• 

P 


p 


« 


•H 


iH 

Cs| 

P 

p 


P 

p 


-P 


« 


Pi 

o 

0) 

C0 


Cd 


> 

0> 

g 


JS 

P 


<0 





B 

o 

p 

P 

S 

P 



3 

P 

p 


u 

p 

3 

V 



& 

0) 

p 

00 

s. 

V 

u 

p 



p 

x; 

« 

c 

c 

d 

c 



Vi 

p 

p 

p 

09 

49 

<0 

p 


332 





EQUATIONS GOVERNING CALCULATIONS 



UliULyLilLLUU 


II U U il L L 


Figure 2 



RSI MATERIALS 
(Figure 3) 

The comnercial designation for the RSI materials examined in this study are shown in 
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RSI MATERIALS 



Figure 3 




SPECTRAL NORMAL IWITTANCE OF RSI MATERIALS AT 8oo“K 

(Figure 4) 

The next three figures show normal emlttance of the three candidate materials as a function 
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SPECTRAL NORMAL EMITTANCE OF RSI MATERIALS AT 1300 
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TOTAL NORMAL EMITTANCE OF RSI MATERIALS 
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Figure 7 



VARIATION IN TOTAL NORMAL EMITTANCE 
OF VIRGIN RSI MATERIALS 



Figure 8 


CONCLUDING REMARKS 
BETWEEN TEMPERATURES OF 800°K AND I300°K 
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MATERIAL PROPERTIES 
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1426*C for an additional 15 hours and then subjected to X-ray diffraction analysis. Again mullite 
was the only phase detected in this specimen and the average crystallite size was beyond the limits of 
detection by the X-ray line broadening technique, i.e., > 2000 A. 


MICROTOMED SECTIONS OF SiO,-RICH SPUN FIBERS 



Figure 4 





<u 

f-H 






to 












1 

00 


c 




3 












0) 

c 

c 

•fH 







T3 

£ 


X 






c 

CO 

•H 





3 



0) 

O 


3 






o 


X 

CO 

• 



X 




u 


X 

X 






c 

X 


u 


4-» 

3 




4-< 


tx 

3 

cd 




CO 

cO 


3 

o 


Cd 

X 

o 

to 

(O 



3 

bO 

u 






3 

X 

o 



u 

u 

c 

cd 

°< 

3 


X 

•H 




X 

4-> 


•pH 

VO 


U) 

3 

cd 

•pH 

o> 

(N 

u 

to 

3 

c 




X 

cO 

X 

lx 



U 

X 


3 

B 

3 

3 

f-H 

cd 






X 




3 

X 

(0 

X 


Cv| 

tx 

X 


X 




0) 

c 

•H 

0> 

3 


O 

10 

o> 

c 

to 

o 

X 

P 

O 

u 




T3 

o 

3 

X 

o 


-C 

o 

4-» 

O 

cd 


3 


Vi 

o 




(4 

J3 


X 

x> 



X 

•H 

CJ 



to 


Cd 

£ 




£ 


•3 


cd 


vO 

CJ 



.c 

o 


• 







cd 

O 

lx 




•pH 


c 

+-> 

-M 

3 

3 

to 

d> 




V 

u 

^1 

o 

4-> 



E 

Cd 

X 



X 

X 

0> 

X 




h 

1 

V 


Cd 


X 



3 

•H 

'd 

X 

3 

4-> 

4-4 




0/ 

E 

> 

c 



o 

3 

(0 

X 

s 

c 


X 

•H 





3 

3 

o 

o 



lx 

CJ 

X 

X 


cd 

X 

CJ 


c 





C 

CJ 

•pH 

0> 



3 

u 

3 

c 


f-H 

3 

^-4 

o 




>/) 

•H 


X 



"3 

tx 

o 

a 

•H 


f-H 

X 

Cd 


• 



ctf 

4-> 

lO 

3 

cd 


3 

X 



cd 


3 

X 

4-4 

d 

E 



o 

CO 

3 

X 



(0 

3 

0> 

c 


o 

•pH 

to 

to 


3 



•H 

f-H 

3 

o 



O 

(0 


o 

00 

to 

X 


X 

4-> 

X 



f-H 

a 


10 

'O 


a 


•pH 


to 

c 

f-H 

Vi 

U 

bO 



a, 


3 

to 

o 


X 

<0 


X 

a> 


3 

3 

o 

0> 

O 




JC 

pH 

•H 



3 

X 


u 

o 

4-1 

to 

C 


4h 

X 




4-1 

a 

TJ 




t-H 

• 

3 

cd 

in 

X 

Vi 

4h 

a 




•H 

E 


•H 


w 


•o 

X 

4^ 

o 

3 

3 

0) 

Q) 




<u 

5 

3 

f-H 

4-> 


3 


0> 

tx 

4 

0> 


X 

4-) 


X 

a: 


X 


(0 

3 

(/} 


3 

f 

> 

tx 

3 

to 

c 

d 

to 

c 

w 


H 

T3 


CJ 

•H 



3 


•pH 

to 

d 

3 

•pH 

o 

4-) 

3 

CQ 



V 

•3 

•pH 

■T3 


X 

X 

o 

•3 



o 



•H 

X 

1— 1 



3 

0> 

E 



u 

3 



o 

Cd 

X 

3 

o 


X 

u. 


• 

O 

X 

V 

C 


•pH 

X 

0> 

X 

bO 

> 

to 

X 

JZ 

•d 

3 



"O 

•3 

3 

X 

•H 


X 

3 


3 

cd 



X 

4-> 

G 

u 

z 


0/ 

cO 

O 

CJ 



3 

X 


X 

Vi 


3 



cd 


3 


c 

X 

O 


tkO 



3 

X 

1 

0) 

cd 

CJ 

tx 

4^ 


X 

Cu 


• H 

1/) 


3 

c 

• 


a 


X 

> 

Vi 

•pH 

O 

Cd 

4-4 

3 

c/3 


s 



X 

•H 

X 

X 

E 

u 


cd 

1 

f-H 


X 

c: 

o 



ci> 

V 


X 

4-> 

w 

3 

3 

cd 

3 


X 

a 

3 

4-4 

04 


a 


X 

»H 


cd 

3 

X 

X 

o 

X 

o> 


3 

> 


£ 

c 

oc 


u 

0) 


00 

o 

3 

•H 



P 

cC 

C 

X 

•pH 

*d 

Pf 

•pH 

< 



3 


c 

X 


<x 

3 

o 


P 

cd 


X 

Q) 

0 


o 


0> 


• 

•pH 


3 







3 

3 

*d 


c 

z 

l/i 


(/) 

<< 

X 

X 

c 

C 

3 

(0 

• 


o 

X 

X 

d 

0) 

o 



a> 



3 

-C 

3 

3 

<n 

4-> 

3 

• 

4-> 

H 

C 

^H 

> 

•pH 

H 

o 

$ 

0> 

O 

”3 


3 

a 


0> 

3 

to 



3 

o 

0) 

X 

CO 

u 


X 

o 



X 

(0 

3 

o 

3 

c; 

'd 


to 

c 

T3 

3 


0 

C/) 

•H 

(N 

E 

0> 

o 


X 

cd 

X 

c 

o 

f 

3 

o 


X 

o 

bO 


(4H 


X 

> 

X 

■3 

X 

4-1 

a 

♦H 

Vi 

to 

X 

u 

to 

3 

UJ 

•H 

0/ 


X 

•H 

o 


X 





Cd 

C 

a 


•H 

”3 

X 

uu 

X 

•3 

3 

lx 

B 

3 

3 

X 

X 

in 


9^ 

o 

3 

to 

X 

•pH 

C_3 

\w/ 

•H 

V 

O 


0> 


”3 

3 


3 


£ 

•pH 

X 

•H 

4-» 

in 

H 


IH 

4-> 

X 

c 


>s 

C 


•H 

o 

a> 

O 

X 




C 

(U 



s 

3 

o 


X 

3 

3 


X 

•H 

o 

U 

3 

4-> 

4h 

o 

z 


•o 

3 


X 

c 


X 

X 


fr 



3 

X 

•H 

o 

CJ 

X 


o; 

o 

<X 

X 


•3 

(0 

3 

tf) 

•H 

«< 

in 

o 






X 

E 

O 

3 

X 

3 


O 

O 

o 




E 

u 

O 

X 

u. 


CJ 

C 


CJ 

4-> 

> 

3 

X 

4-» 


c 

o 

■3 


o 

Vi 

3 

o 



3 

u 



O 

X 


•H 


0) 

o 

3 

to 

vO 

d 

•3 



a> 


o 

3 

V) 

E 

X 

o 



•d 

to 

E 

•pH 

fS 

4-> 

c 

< 


c 

X 

X 

f-H 

cd 

3 


o 


X 

•H 

CM 

O 



cd 

3 

u 


3 

X 

3 

X 


X 

M 

f-H 

Cd 

c 

c 


X 

c 


G 


►-( 


<4-1 

3 

f-H 

X 



3 


4-> 

3 

d 

to 

o 

o 



to 

kJ 


fH 


•H 

c 

3 

3 

f-H 

V) 

X 


•H 

X 

•pH 

4^ 

04 

X 

o. 


O 

3 

c 

X 

•H 

X 


3 

X 

3 



u 

X 

Cd 


u 

cu 



X 

o 

X 

(4-1 

3 

■3 

C 

u 

a 

d 

to 

•H 

u 


3 

of 


(/) 

3 

X 


4-1 

3 

3 

o 

o 

a 

4-i 

X 

E 

3 

to 


•p^ 



ni 


X 

3 

Cd 


C 

•pH 


3 


& 


to 

Vi 


X 



U 

to 

3 

X 

u 

C 

•pH 

X 

o 


cd 

(d 

(X 


d 

• 

3 



•H 

10 

u 

X 

cd 

•pH 

s 

•pH 

bO 

o 


Vi 

o 

"3 

o 

to 

to 



r— < 

0> 

3 



(X 

3 

■3 


c 

T> 

bO 


3 

X 

d> 




a 

u 

X 


<X 

X 

T> 

cd 


c 

O 

to 

E 


4-» 

3 



0/ 

o 


o 

0> 

3 

3 

3 

4-H 

X 

cd 

Vi 

o 

o 

\D 

•H 

X 





X 

3 


X 




X 


O 

X 

X 



3 




a 

X 

X 

3 

W 

C 

(0 

•pH 

•d 

•H 

o 

o 


rH 




(M 


•pH 

O 


a 

c 

3 

c: 

2 

0) 

£ 

X 

X 


Cd 

to 



o 

c 

3 

X 



3 


•H 


4-» 

O 

a 

CJ 

4-> 

4-> 

X 




o 


a 

• 

3 

E 

*3 

cd 

to 

u 

4-» 


•pH 

to 

to 

3 




•H 

•3 


•3 

X 

•pH 

3 

4-> 

3 

0) 

o 

3 

E 

Cd 

>N 

X 



0> 

X 

0/ 

o 

•pH 

X 

CJ 

X 

c 

O 

Pi 

-C 

X 


0) 

Vi 

•pH 



J3 

cO 

CJ 

X 

CJ 


3 

3 

o 

3> 

X 

o< 

X 

3 


o 

<X 



6 

u 

X 


3 

(X 

a 

3 

o 

0) 



X 






3 

•H 

O 

c 


o 

10 

X 


•H 


c 

E 

X 

4-4 


3 



c 

f-H 

(X 

•X 

CJ 




in 

4-» 

to 

o 

o 


cd 

cd 

X 




a 

C 

(X 

•pH 

(0 

3 

c 


c 

cd 


X 

3 


d 

X 



■o 

0/ 

•iH 

(X 

X 

3 

X 

3 

o> 

o 



<x 


4h 

Vi 




0) 



3 

o 

CJ 

X 

X 


o 

to 

o 


•H 

O 

04 

<x 



4-> 


^1 

X 

3 

3 

*x 

X 

D 


0) 

0> 

to 

X 


4-» 

o 



•H 

c 


3 


X 


bO 

X 

c 


X 

3 

d> 

c 




B 

o 

"3 

a 

<x 

X 

o 

•3 

•H 


•H 

0> 

c 


Vi 

•H 

to 




X 

C 


o 



c 



i-H 

0> 

3 

3 

d 


3 



f-H 


3 

(X 

X 

X 

3 

3 


cd 


E 

X 

to 

04 

•pH 




cO 


o 

•3 

<0 

«§ 


C 

•H 

0) 

*c 

3 

3 

o 

X 

X 



< 

CJ 

o 


>s 

3 

CJ 

•H 

4-» 

4-> 


X 

X 

p« 


X 





to 

X 

X 

f-H 


o 


c 

•H 


3 

u 

X 


3 




a 

CM 

3 




vO 

c 

a> 

rH 

£ 

to 

3 

0> 

c 

a 




0) 


>s 

cK> 

3 


CM 

0> 

to 


o 

3 

X 


cd 

o 




X 

CX 

3 

o 

1 


Ht 

0> 

to 

2 


3 

X 

c: 

X 

X 




10 

o 

f-H 

to 


f-H 

to 

o> 

£ 

4-1 

E 

to 

cd 

4-4 

a 


358 


UliUUyLiliLLlili 


U U U U il L L 





in 

a: 

u 

CQ 


uu 

O 

CO 

z 

O 

(—1 

H 

u 

UJ 

CO 

I 

CO 

CO 

0 

01 

u 

u. 

o 

CO 

< 

u 

t— I 

o. 

u 

a 


\o 

(U 

3 

bO 


U. 






tz 


4-> 



1 

.c 








X 

3 










; 




1 

cd 






o 


Cd 



to 




1 

1 

c 


X 




X 






<< 

3 




c 






^H 

0 


•H 

0 



Cd 

X 

3 

0> 

•pH 

4-> 

X 


4-» 




1 



X 



U 


o 

o 

cd 



0) 4h 

Vi 

0 


0 ^ 


Q) 

u 

0 

E 

E 

<x 

I-H 

4-» 


•pH 

0^ 



c 


0 

cd 



4-> 


U) 

0> 



0> 

X 


3 

X 

0 



JZ 

•H 

•d 

Cd 

3 



•pH 


rH 

X 



0> 

T3 

0 


X 


to 


cd 

•!-> 

c 


o 

4- 

» cd 

3 

P 

P4<4-I 


4-» 

'd 

0 

fH 

rH 

•d 


to 


Cd 

4-> 



X 

3 

0 

X 

, rH 

to 

c 


o> 

0> 

•H 


cd 






0 



c 

H 

•pH 

0 

3 

• 

0 


3 



rH 

3 

3 

CM 

3 

rH 

X 

0 



E 




V 

1 0 

to 


'O 



CO 

•H 


<x 

> 

X 

4-> 

X 


0 ^ 4 h 


3 

<X 

3 


X 

Cd 

3 

b 



Cd 

T 3 


O4 

0 4-> 

Vi 

• 

3 

-a 


3 


cd 

0 


3 

3 

0 



0 


<x 

3 

•pH 

0 

X 

g 

X 

0 > 


(0 

•H 

c 

• 


> 

■ c 

3 

bO 

0 

0 > 


0 

<P 


c 

0 

X 

X 

04 


*d 



3 

X 

> 

4-> 


£ 

•H 

T 3 


•H 


Cd 

to 

T 3 

0 

► 'pH 

X 

c 

E 



X 

c 

X 

0 

CM 

3 

04 



0 

X 


CO 

O4 



0 > 

3 

4 h 



X 



3 

c 



•H 

•H 

Cd 

to 


to 

•pH 

0 ) 

E 


Cd 

X 

X 


0 

0 > 


3 


c 

0 

3 

X 


tz 


4-> 



o 

Cd 


1 T3 

<x 

X 

•H 

•H 



Cd 



0 

X 

3 

0 


b£ 

1 4-> 



C 

0 

0 

c 

4-> 

3 

0 




•o 

pH 


V 0 


0 


to 


0 

4h 

<x 

•d 

4-H 

<4-1 

4-> 

<4H 


<x 

0 ) 


0 

3 

JZ 


•pH 


4H 

0 



Cd 

o 

pH 

c 

V 

1 Vi 

-o 

4-) 


c 


4-> 


Cd 

0 



c 



g 


c 

3 

s 


to 

X 

• pH 

X 


o 

B 

JZ 

o 

0 

3 

1 3 

0 

0 ) 

£ 

0 


0 

cd 


> 

0 

<X 

•H 

3 


0 




X 


E 


3 

pH 



bu 

(/) 

to 

<4-1 

•H 

0 

1 U 

•o 


a 

0 


X 


/— N 

•H 

pH 

0 


> 



•pH 


•3 


to 

0 

to 

4 H 

rH 





•H 


4 -> 

0 , 

T 3 





0. 

1 to 

C 

3 



0 

•pH 


to 

”3 


0 

0 

•0 

X 

4 -» 

0 ) 

3 

"O 



0 > 


to 

U 


C 

3 

c 

in 

X 



•H 

0 

3 

Q> 

c 

4 -» 

4 -> 


3 



^H 

> 

c 

<x 

•H 


E 

cd 


• 

to 

o 

cd 

0 ) 

to •H 

X 

Cd 

• 

c 




•pH 

3 

X 

0 


Cd 


3 

3 


Cd 

Cd 

3 


04 

X 


3 


JZ 

0 ) 

04 


Vi 

Cd 

1 to 

E 


0 

cd 


to 

0 

4 -> 

X 

0 > 

•pH 


g 


Cd 

X 


3 

X 

0 

3 


rH 

bO 

X 


4 -> 

JZ 


V 

•pH 

3 

V 

•H 

bO 


X 


Vi 

X 

•H 

1 

X 

4^^ 

*H 



<4H 

4-> 


> 


E 

N 

X 

f-H 

C 

rH 


bO 

4 -> 


o 

'O 


Vi 


C 

”3 

3 


•H 

0 > 

to 

CO 

3 

Cd 

3 

0 


X 



3 

4-> 


•pH 

3 

Cd 

•iH 

Cd 


C 



o 


0 > 

3 

•H 

tz 

4-> 


<44 

X 

0 

Cd 


3 

3 

<x 


3 

0 


X 

Cd 

to 

to 

4-> 

3 

X 



0 > 

c: 

0 > 

3 

<u 

> 

^ 0 ) 

X 

X 

Cd 

3 



X 

& 


in 

•pH 

•pH 

C 


to 

4H 



X 

cd 


3 

• pH 

3 

to 



•H 

4-> 


c 

T3 

1 X 

P 

to 




0 > 


E 

o> 


rH 

<4H 

•H 





to 

4-> 


c 


E 

X 

cd 




c 

to 

0 


P 


•H 

E 

3 


X 

X 

0 

X 

3 

04 <X 



•3 

•3 


X 


X 

•rH 

3 

3 

3 

X 


</) 

T> 

3 

o 


•a 

1 


I-H 

3 . 

X 


p 

bO 

0 

X 

3 

3 

•pH 

3 


3 

0 ) 


3 

to 

cd 


X 

X 





0 > 

o 

o 

CO 

0 

• 

0 


P 



3 



c 

X 

”3 

X 


X 

X 


X 

Cd 

3 

3 


3 

X 



(0 

> 

E 

3 

to 

V 

1 • 

to 

04 

ro 


• 


0 

*0 

tz 

3 



0 


to 

Cd 


•pH 

3 

04 

bO 

0 


rH 

X 



M 


•3 

0 > 


to 

3 




•d 

• 

X 

X 

•H 

X 

3 

3 

E 


•H 

04 


<x 

X 

O4 

C 

X 

0 

fH 

3 



0 ) 

0 > 

U 


<w 

Vi 

X 

V 4 

”3 

• 

•H 

X 

X 

cd 


3 

X 

X 



rH 

E 



Cd 

Cd 

Cd 



Cd 

bO 


0 > 

to 


b> 


0 

0 > 

Cd 

0 

C 

•o 

0 


rH 

•3 

•3 

<4H 


Cd 

to 


0 

0 


•3 



X 

•3 


u 

X 



-o 

0 > 

o 

Vi 


X 


<x 

Cd 

0 

Cd 

3 

Cd 

c 

3 

3 



•H 


O4 

, u 


3 

rH 

to 


3 

3 

♦rH 

cd 


♦H 

o 

s 

Vi 

0 

4-1 

•pH 

w 



X 


Vi 


cd 

> 

X 

to 

CO 






> 

rH 

c 

X 

> 


E 

rH 





o< 


c 

; <4H 

to 

■3 

to 

0 

u 

3 

X 

4 ^ 

X 


Cd 

Cd 

3 


0 

0 ) 


•pH 

Cd 

0 

rH 

0 > 

Cd 

3 




o 

to 


0 > 

3 


Vi 

3 

u 

4-> 

•H 

So 

4-» 

to 

3 

c 

3 

3 

3 


•pH 

bO 


3 

E 

•pH 

X 

•H 

E 

X 

T3 


0 ) 



bO 

Vi 

0 

CO 

3 

to 

3 

3 

V 

•pH 

•H 


to 

•H 


•pH 

Cd 


Cd 

X 


u 

to 

CO 

bO 

rH 


3 

c 


JZ 


0 > 

C 

0 

g! 

to 

X 

0 

PI4 


0 

tu 

to 


X 


in 

rH 

<x 


X 

Cd 


3 


CO 

3 

3 

to 


Cd 


• 4 -> 

•o 


•p4 

E 

3 

0 

•pH 

04 

Cd 

X 

3 


0 

4-» 

0 

3 


o< 

X 


X 

rH 


X 

X 

3 

0 

X 

cd 

X 





•H 

X 



pH 

<x 

X 

04 

^H 

•H 

tz 

X 

c 


to 

0 ) 

3 

3 


0 



1 

c 

X 

X 


2 

x«< 


c 

3 

<4-1 

u 

C 


Vi 


3 


^H 


•H 

0 

3 

0 

0 

3 

X 

to 



to 


to 

Cd 

04 


4H 





•H 

o 



•pH 

fH 

0 

3 


3 

Cd 

0 


04 

g 

CO 

X 

tz 




0 

cd 


cd 

E 

3 

CO 

0 

4H 

c 

0 



o 

'O 

o 


Cd 

fH 

X 

3 

> 

u 

V 

c 

<x 

cd 

rH 

X 

3 

X 

”3 


X 

3 




•3 

cd 

c 

0 . 

0 

0 




0 > 


04 

E 

0 


Vi 

•pH 

•pH 

•3 


rH 

Cd 


X 

3 

3 






3 


3 


E 

•pH 

0 


o 

X 

to 

TJ 

3 

to 

u 


3 

to 

£ 

X 

0 

0 

•H 


0 

3 

3 

X 


3 



•o 

X 

3 

X 

3 

3 

4 -> 

rH 



+J 

o 

C 




0 

3 

Cd 

0 

X 

X 


4 h 

to 

X 

<X 

to 

to 


^H 

•o 


3 


X 

Cd 

X 

X 

Cd 



o 

•H 

04 

Cd 


cd 

0 

X 


Vi 

X 


to 

C 

0 

cd 


3 


•pH 


X 

c 


X 


4 -» 


cd 

X 

s 

X 


cd 

to 

X 


V 


X 


to 

X 

u 

<VI 


0 

c 

3 


X 


rH 


•H 

0 


to 

3 


X 


cd 

X 

3 


b-i 

o 

V 


c 

"O 

<p 

Vi 

V 4 

Cd 


0 

0 

•H 

0 


to 


3 

0 


to 

E 


•pH 

X 

CO 

3 

X 


0 

0 



o 


bO 

•H 

c 


Cd 

3 


c 


X 

4-> 

E 

3 

Cd 

c 

X 

O4 


to 

Cd 


rH 

cd 

Cd 

0 

3 

0 

<x 

X 


4-> 

o 

X 

C 

rH 

cd 

<M 

pH 

X 

4-» 

3 

to 

Cd 

Cd 


X 

X 

•pH 

3 



0 

•pH 


0 


3 


X 

z 

c 

Cd 


c 

04 

pH 

•p4 



0 

3 

•pH 

3 

X 

X 


3 

3 

3 

4-> 


X 

Cd 


04-3 


O4 

c 

•pH 

•3 

4H 


•pH 

Ni_/ 


cd 


pH 

JZ 

CO 

tz 


0 

<x 

3 

4 -> 

Vi 

to 

•pH 

X 

X 

tz 

•3 

3 







3 


3 






4 -> 

i-H 

Cd 

CO 

Cd 

•pH 

0 

•pH 




Cd 

X 

T5 



0 

3 

Cd 

<x 


CO 

E 


3 

0 > 

04 

X 

to 

• 

bo 

to 



cd 


•H 

3 

to 

0 

•3 

3 

bo 

3 

04 

3 

c 


0 

3 

to 

X 

0 


cd 

3 . 


X 

to 

3 

3 

4 -> 


c 

3 


O 

c 


1 -^ 


0 > 

•pH 

0 

X 

c 

Vi 


X 

•pH 

CO 

3 


3 

<x 



3 



4-> 


X 

4-> 

•pH 

<>< 

•pH 

4-> 


04 

o 

V 

o 


Vi 


3 

4-> 

•H 

3 

in 

•iH 


3 

3 

X 



Cd 



m 



to 


3 

Oi 


tz 

•H 


B 

o 

JZ 

04 

4-> 


(j 



to 

3 


<x 

0 

0 

to 

0 

3 

0 

3 


X 

• 


4h 

0 > 

3 



0 

•pH 

^H 


•H 

4-» 

4^ 


c 


4 0 

P 

( 4-1 

3 


”3 


c 

X 


3 

3 

X 

•pH 


•pH 

0 


0 

X 

> 

3 

X 

0 

Cd 

rH 



c 



o> 

X 

4^^ 

3 

0 


CO 

tz 

3 


to 

X 

X 

O' 


rH 






3 

•pH 

to 

3 

CM 

X 

Cd 


c 

•H 

T3 

bo 

& 

0 

0 

O4 


>s 

Vi 

Cd 

to 

CO 


4-» 

•H 

•pH 

•3 

O4 


4-) 



C 

X 

X 

3 

X 


X 

X 


Cd 


o 

c 

3 

04'3 


c 

X 

3 


0) 

•pH 

0 

•pH 

•3 

c 

3 

3 


Cd 

•3 


0 

cd 

cd 

X 

3 

0 

0 

to 



( 4 H 

Cd 

•pH 


0> 



0 


X 


X 


4-» 

to 


X 

4^ 

X 


X 

0 


•pH 

3 

bo 

P 


X 


X 


(0 

O 


4-» 

•H 

< 4-1 

9) 

Mh 

•pH 

'O 

•H 

”3 

X 

3 

0 

0 

C 

3 

Cd 



X 

to 


4-» 

<x 

3 


0 


<x 

X 


•H 



(Z 


X 

i-H 

X 

3 

<x 

•H 


X 

X 

X 

•H 

3 

^H 

Cd 



3 


3 


c 


4H 

0 

0 

3 



4-» 


3 

0 

0 

Cd 

Cd 

u 

X 


3 

<x 

3 

04 

0 


X 

3 



CO 



3 

>4 




0 




X 

c 

0) 

O 

c 


X 

X 

3 

CO 

•3 

Cd 

0 

X 


o< 

3 


X 

<x 


•pH 

3 


CO 

rH 

0 

• 

X 

rH 

X 

3 


4-> 

3 

> 

£: 

0 

0 

•pH 


to 

•H 

3 



p 

3 

<x 

X 

3 


0 



> 


1 

tz 

hH 

bo 

Cd 


X 

bO 


•H 

O 

•H 


H 

Vi 

pH 

tz 

1 

I-H 

X 

3 

to 


rH 

Cd 

X 

to 



3 

•H 


CO 

0 

s_/ 

tz 

rH 


•pH 

X 


(A 

E 

o 

0 > 


3 

•pH 

•H 

to 

0 

to 

•H 

c 


•3 

0 


P 

3 

C 


X 

to 


to 



•pH 

•pH 

CO 

rH 

Cd 


o 

Cd 

u 

X 

Vi 

4-» 

0 


to 

04 

•pH 

V 4 

0 

• 

•3 


to 


X 

0 


3 

Cd 


0 

3 


s 

E 

3 

•H 

rH 


o 


0 ) 

p 

0 

X 

Cd 

4 -> 

0 


^H 

4 -> 

•pH 

X 

•H 

X 

0 


3 

•pH 


X 

X 


X 

X 

• 

0 

•H 

X 

X 



o 

0 ) 

o 



•pH 

<x 

3 

Vi 


0 

•H 


3 

E 

3 

0 

• 

X 

X 



X 


3 

p 

X 

•3 

to 

•pH 

•H 

X 


Oh 

JS 

1 


0 

s 


u 

U 

c 

04 

c 

3 

X 


Cd 

•H 

•3 

cd 

cd 


tz 

cd 




c 

Cd 


rH 

to 

rH 




to 

• 

3 


0 



Cd 



0 > 

•pH 

3 

rH 

X 

3 

3 

tz 


0 



3 


cd 

X 

to 

rH 

Cd 

4-> 


l-H 

C4-) 

cd 


O4 

< 

X 

c 

3 


3 

(0 

(0 

<x 

X 


cd 

4-» 

<x 

•pH 


•pH 

3 


X 

• 

X 

CO 

•pH 

Cd 

3 

c 


Cd 


o 

to 



3 

X 


X 

X 

1 


p 

3 

> 

X 


g 


X 

X 


4-» 

c 

3 



4 H 

<x 

3 


c 

•H 

V 

X 



•3 

X 

X 

c 


Vi 

CO 

0 


X 

X 

0 

bO 

0 


Cd 

4 -i 



0 

4 -> 

3 

3 

to 


•H 


C 


to 

t) 


• 

V 

X 


3 

<x 

Cd 

to 

3 


P 

3 

04 

C 

X 


> 



<x 

•pH 

0 ) 

X 

0 

X 

3 

3 


a> 

a> 

o 

4-> 

to 

0 

CO 


X 

0 

04 

0 

O 4 

• 


CO 

3 

•pH 

3 


X 

<x 


0 



4-» 

tz 

X 

X 

•pH 


+j 

V 


0 > 

Vi 

0 

3 

to 

cd 

Vi 

0 


X 

to 

3 


X 

X 

3 



3 

0 



Cd 

3 


c 3 

3 

4H 

<x 


c 

to 

fr 


4> 

Cd 


cd 

X 

bO 


0 

3 


X 

• 

0 


0 

3 


to 



bo 

E 

X 

<x 

X 



<x 


•H 


3 

X 

X 

4h 

to 

3 

4-» 


3 

^H 


'O 

3 

3 


to 

X 

X 


X 

3 


C 

X 

4-> 

0 

Cd 

3 

3 

d 



o 

O. 


•pH 


Cd 



3 

E 


3 

X 

4-> 

X 

3 

Cd 

CO 

4^ 


0 

N 


•H 

0 



3 

X 

3 

to 

• 

( 4-1 

4 -> 



4h 

3 

3 

X 

X 

Vi 

0 


> 

cd 

3 

3 

to 

3 





•pH 


X 

<X 

>4 

tz 

04 

4H 

c 


in 

o 


to 

cd 

(4^ 

to 


u 

0 

3 

w 

•3 

•H 

•3 

3 

CO 

3 


•3 

X 


4-> 

to 


3 

tz 

X 

0 

04 


•pH 

tz 




•H 

u 


V 

•pH 

3 

3 


•H 

X 

c 

X 

0 

X 

>4 

tz 

cd 


c 



4 -> 

•pH 


•H 

cd 

c 

(0 

•iH 

o> 

4 -> 

c 

.c 

•pH 

0 

u 

X 

X 

CO 



3 

cd 

cd 


04 

P 


0 

X 

• 

Cd 

3 

• 

3 


T3 

4-> 


cd 


Cd 

3 

c 

cd 

4 -> 

E 


•pH 

•3 

3 


to 

• 

Cd 

X 

4-> 

to 

X 


•H 

X 


to 

X 

X 

/— N 


3 

3 

3 

X 

X 

to 

4-> 

c 

3 



o> 

0 




T3 

Vi 

to 


c 

to 


3 


to 

0 > 


c 

X 


E 

rH 

•pH 

X 

3 

•H 

4H 

X 

c 

3 

O 

o 

o 

X 

i-H 


3 

3 

3 

0 

'O 

3 

3 


3 


• 

0 

OQ 

X 

0 

0 



Cd 

X 

3 

X 

3 


3 

0 

X 

C 

o 

o 

CJ 

tj 

Cd 

X 

04 


X 

c 

•H 

to 

•3 

E 

^H 


X 


cd 

•pH 

& 

X 


3 

&4 

Cd 

•pH 

X 

X 

X 

3 

3 

3 

04 

u* 


c 

4-> 

P 

Cd 

c 

•H 

3 

X 

3 

3 

0 

Cd 


0 


3 

4-> 

E 

bO 

00 

•pH 

Cd 

4-> 

T) 

4-> 

3 

•pH 

<x 


E 


to 

3 

0 


X 

3 

< 4-1 

0 

3 

X 

> 

CO 

E 


04 

• 

04 

Cd 

•H 

3 

• 

E 

X 

X 



bO 

<x 

X 

3 

o 

•H 


0 ) 

X 

E 


CO 

0 


O4 

Cd 

O4 

•H 


X 

0 


to 

04 

c 


0 

\o 

3 

bo 

cd 

3 

X 

X 


3 

X 



• 

CO 



• 


E 


E 

^H 

3 

3 

<x 

3 

X 

4 -> 

3 

cd 

•pH 

c 

X 


X 

0 


X 

bO 

Cd 


X 



to 

to 

rt < X 

to 

tz 


3 

0 

a: 

3 

0 

X W 

c 

3 

E < X 0 I-H 

X X 

d ^ 

3 X 

d 

Cd 

X 

3 CQ 

X 

0 

tz 

X 

3 

to 

3 


X 

3 

cQ T 3 

X X — 1 

rH 

0 

to 

•pH 

3 

3 

rH 

3 

4H 

•iH 

tz 



X 

c 

4-> 

0 4H rH 

3 C 3 cQ 

£ 

X X 

0 C 



X 

3 <x 

X 

4H 

Cd 

3 

bO X 

1 

0 

3 0 

X 

X 3 

X 3 X X 

cQ 0 

X 3 

34 3 

•d 

4-> 

•H 

0 

•pH 

3 

bo 

0 

C 

Cd 

to 

•pH 

X C 

3 

3 0 

3 > ’H 3 

•pH fH 

rH d 

X X 

3 

•H 

<x 

<X CQ 

<x 

X 

cd 

E 

•pH 

0. 

Cd 

4H 

cd ^ 

04 

<0 3 

T) 3 <X B 

X <x 

< E 

3 3 

4^ 


360 


U li U U L 


U L L L 


li L 11 . U li U 


11 L L 



o o 

O- ^ 

^ 5 
g t 

<c >- 
o — * 
2 5^ 


«/> 


a a 
I 92 

(/) u- 
< 


=> ^ 

oC 
ae z 

o 

Z o 

^ X 
</> ^ 

ui O 
> Q- 


O 

UJ 

oe 

I 

< 


361 








— . 




in 








p 




3 








p 



X 

X 








o 



3 

3 





>s 



X 

X 


•H 

P 





f-H 




•3 


X 

■H 

3 



>» 

t-H 

3 

(D 

3 

to 

3 

£ 

X 




ctf 

•H 

X 

: 1 

3 

cd 



X 




3 

T) 

4- 

i o 

X 

5 

X 

o 




CO 

■3 

O 


1^ 

3 


3 

(O 

LX 




•H 

X 

<4H 


/ — \ 

X 


o 




> 

4-> 

c 

) X 

3 

to 

Lx 

LX 




0) 

•H 

3 




0) 

3 

o 

X 




"3 

3 

CO LO 

I-H 




o 



4-> 

C 



i W 

•H 

0> 

in 

3 





•H 

3 


t 

X 

cx. 

3 

£ 

m 



TJ 



3 CM 

c 

a 

X 

•iH 

X 



C 

U-( 

C 

3 

£ 

3 

cd 

3 

X 

3 



cd 

o 

•H 




•H 

C 


X 






3 Z 

”3 


•H 

bo 

•H 



T3 

•3 




3 


£ 

P 

Lx 



4> 

3 

3 

4- 

1 vO 

X 

•H 


•H 





<-> 

O 


X 

3 

a 

3 

X 

3 



cd 

tn 

i-H 

X 

1 

I-H 


> 

3 

X 



di 

•H 

X 

c 

: o 

3 

to 

•H 

X 

X 



0> 

tf) 


cd 

bO 


(X 

3 




(H 

c 

£ 


p 

3 




X 




o 

3 

3 3 

P 

to 

X 

^4 

o 



1 

3 

C 

n: 

\ pC 


4-> 

o 

Cd 






•H 

c 

) 4J 

3 

1-^ 

Lx 

4-> 

bO 




3 


X 


P 

O 


O 

P 

C/D 



i-t 

3 

4- 

► to 

3 

> 

I-H 

4-) 

•H 

0£ 



3 

I-H 

3 V) 

3 


o 


X 

UJ 


c 

”3 

3 

c 

» 0 


o 

o 

Cd 

3 

oa 


o 

3 




•3 

o 

3 


3 

t— 1 


•H 

3 

c 

3 

3 

o 


U 

X 

u. 


4-> 

O 

3 


: o 

3 

CM 

O 

O 




cd 



4- 

» 4-> 

Ph 


X 

44 

3 

a 


bO 


•3 



3 

44 



> 

U1 


•H 


3 

to *0 


O 

•3 

to 

•H 

X 





cd o> 

bo 


3 

0> 

m 

u 


Vi 

c 

3 


4-» 

c 


3 

a 

in 

H 


0> 

•H 

> 


1 Cd 

•H 

Cd 

o 

•H 

3 

w 


> 

X 

O 

3 3 

Pi 

•H 

I-H 

4-4 

3 



c 

3 

3 

> 

U 

£ 

4-4 

I-H 


X 

>« 


•H 

<-> 


V 

1 Cd 

3 

P 

3 

X 

3 




3 

X 

0) > 

Pi 

0> 


•H 


•-a 


Vi 


3 

to o 


4-> 

C 

to 

X 

< 

o> 

•H 

3 

•iH 



TJ 

O 

3 


3 

u 


X 

X 

X 

to 

C 

Ph 

X 

73 

o 

1— 1 


4-> 

H 

3 


1 3 

3 


X 

0) 

X 

a 

bO 




•H 

1 2 


< 


4-> 

X 

o 

•H 

bO 


I-H 

0 

1 

3 


m 

Cd 

•H 

X 


C 

• 

•H 


1 P 

O 


3 

0) 

» 



•H 


o 


3 


• 

3 

cx. 


< 



0> 

Mh 

O pO 

(X 

•3 


o 

X 

u 


D 



pC 

£ 


3 

3 


3 



T3 

cd 

£ 

4J 

1 3 

C 

c 

I-H 


X 

u. 



u 

3 


X 

o 

•H 

Pi 

to 

3 

o 


T3 

•H 

c 


1 3 

bO 

3 


cd 




O 


•H 



X 

X 



3 

w 


•H 


£ 

Cd 

' 3 

3 

X 

3 


I-H 

< 


-o 

o 

3 

X 


o 


o 

Pi 

u 


D 


I-H 


H 

3 


3 



1 — i 




3 



X 

in 

X 

o 

3 



(A 



3 


X 

3 

P 

X 

in 

a. 



p 

C 

O 

1 • 


3 


o 


UJ 


w 

cd 

o 


1 O 

c 




•3 

o: 





X 

1 73 

3 

1 — - 

1 

Vi 

3 



cd 

-o 



O 

X 

X 

3 

•H 

X 



•H 

o> 


a 

P 

P 

X 

3 

cC 

•iH 




X 

3 

3 

cd 


o 

X 

P 

3 



0> 

u 

X 

c 



X 

3 


O' 



4-> 


•iH 

•H 

1 o 

• 


C 


3 



cd 

O 

<4H 

g 

pC 

c 

LO 

•H 

• 

X 



a 



3 

4-> 

o 

I-H 

£ 

73 





X 

3 


1 

bO 

• 


0> 

3 



o 


X 

Cd 

to 

X 

o 

3 

•H 

X 



•a 

t-H 

X 


Cd 

3 

V 1 

> 

rH 

X 



4-> 

3 


3 



•X 

&4 





3 

bO 

X 

•3 

X 

CM 

«x 


3 




•H 

c 

H 

3 

X 

£ 


Cd 

3 



i-H 

”3 

•H 


> 

•iH 


X 

o> 

> 



Cd 

O 

3 


P 

3 

z 

o 


3 




X 

3 


3 



«x 


•X 



a 

4-> 

r~i 

3 

V) 

3 

LO 


to 

X 



o 

3 

eh 

3 


3 

o» 

•3 

cd 

3 



u 

3 


X 

P 

•H 

• 

I-H 


3 





*3 

3 

3 

3 

o> 

3 






3 

c 

Vi 

X 

X 

I-H 

X 

rH 

3 



Vi 

Fh 

3 

3 

3 




Cd 

3 



0> 

3 


Q 

^ X 

•3 

(X 

•3 

•H 

P 




3 

bO 

P 

4 3 

3 

o 

P 

4-> 

3 





C 

3 


X 


3 

c 

3 



s 

/ — \ 

•iH 


3 

in 

3 


0> 

O' 




•3 

4-> 

bO *H 

3 

X 

•3 

4-> 

3 



CO 

3 

3 

P 

TJ 


3 

3 

0 

in 




V) 

Vi 

•H 

O 

44 

in 

•iH 

cx 





O 

3 

pC 

X 


in 

I-H 


in 




eh 

Oi 

u 

X 

T5 

3 

Pi 

o 

•H 




X 

3 

4-> 

3 

C 

X 

Pi 


X 




3 

W 

O 

3 

cd 

Pi 

3 

44 

p 







X 










X 

iX 







• 

in 


X 

3 






Pi 

in 

3 


•H 

3 



3 

*0 


3 

X 


X 

3 

o 



X 

3 


X 

3 

3 

3 


•iH 


X 

X 

X 


in 

X 

X 

•H 

3 

X 


*-4 


3 


1 

•H 

3 

X 

3 

3 


•H 

Lx 

3 


3 

Lx 


3 

O 

U 

X 


o 

3 


P 


in 


3 


p 

Cd 


3 


O 

3 

X 

in 

P 


3 

o> 

3 

£ 



3 

3 

3 

3 

• 

3 

u 

3 



3 

X 

X 

X 

bO 

X 

3 


X 

X 


X 

3 

■iH 

3 

O 

3 

X 

0) 

3 

o 


X 

X 

Lx 

X 

£ 

X 

P 

Xi 

X 




3 


3 

o 

•iH 



3 

a 


X 

P 

P 

3 

X 

LX 

3 

4-4 

3 

p 


X 

3 

3 

LX 

p 


3 

O 

Lx 

X 




P 


•H 

3 

3 

P 




3 

(X 

in 

X 


X 

3 

P 

I-H 

£ 


3 

o 


3 

3 

X 

X 

Cd 

3 

O 


X 


3 

^4 

3 


P 

u 

X 

X 


in 

p 

3 

•H 

3 

bO 



3 

LX 


■H 

o 

X 

£ 


P 

X 

u 

X 



iX 

•X 

3 

•H 

3 

o 

o 

0) 

3 

•o 


Pi 

X 

X 

10 

X 

I-H 


x^ 

3 

3 


£ 

3 

3 


3 

3 

3 

•H 

X 

X 


O 

P 


3 

X 


X 

44 

X 

3 


3 

•iH 

X 

3 

3 

bO 

3 


3 

^4 


3 

£ 

iX 

X 

3 

P 

3 

73 


P 


3 

3 

r-H 

3 

X 

•H 

3 

0) 

3 

o 



X 

3 

I-H 

X 

X 

P 

> 

X 

iX 


in 

3 

3 

P 

3 

X 

X 

•H 

X 

3 


3 


•H 

3 


3 

3 

O 


U 


S 

3 

3 

•H 

3 

> 


O 

LX 




X 

O 

3 

X 


I-H 

04 

o 

3 


in 

X 

X 


X 

3 

3 

u 


N 


X 


X 

in 


X 

£ 

1 

3 

•H 


3 

X 

3 

X 

X 

•X 

X 

to 

P 

3 


X 

X 

3 

3 

3 

3 

3 

cd 

o 



•iH 

•H 


X 

X 


X 


•H 

I-H 


<X 


3 

•iH 

•iH 

iX 

X 

04 

3 

3 




X 

LX 

LX 

i-H 


X 

P 

X 


3 

P 

X 



3 

X 

<P 

3 

3 


3 

o 


X 

X 

3 

X 


£ 

X 


X 

•H 

(X 

3 

p 




•iH 

X 


3 

X 

o 

•iH 

3 

X 

3 


*o 

u 


X 

3 


X 


X 

3 

04 




3 

3 

in 

1 

P 

•H 

X 

U 

3 

3 



P 

3 

m 

•H 

5 

3 

g> 

X 

X 


X 

P 

3 

O 

X 


3 

X 

X 


iH 

O 

•H 

CM 

X 

3 

LX 

•H 




I-H 

3 

I-H 

|-H 

•H 

P 

LX 

CJU 

•k 

X 


3 


p 

< 

2 

3 

3 


X 

X 


3 

P 

3 




p 

P 

3 

•H 


•H 

•H 

X 

3 


X 

3 

•H 

X 



3 


<x 

X 

1 

3 



X 



O 

3 

X 

3 

X 

3 

P 

X 

•o 


X 

3 

o 


P 

X 

£ 

04 

3 

3 


X 

X 


3 

O 

3 

3 

04 

P 

X 


3 

•iH 

p 

P 

•H 

bo 

3 

to 


3 


3 

X 

o 

3 

X 

o 

3 



I-H 



3 

•iH 


3 

X 


to 

• 

3 


3 

in 

X 

in 

•H 


bo 

Cd 

X 

X 


X 

3 

3 

X 

X 

bO 

P 


3 

X 


X 

3 

P 

3 

X 

P 

•iH 

•k 

X 

O 

• 



•H 

X 

3 

•H 

X 

to 

•H 

U 

3 

(X 

X 

£ 

•H 


X 

3 

p 

Lx 


P 

o 

I-H 

3 

Lx 

3 

3 

X 



3 

O 


w 

X 


P 

3 

3 

•o 

X 

•H 

p 

3 

3 

P 

3 

P 



3 


X 

o 

o 


o 


P 

3 


X 

X 

O 

•H 

•iH 

3 

•H 

3 

3 

•H 

• 

3 

o 

3 

X 

> 

X 

X 

3 


3 

/—V 

3 

p 

3 

3 

3 

X 

•H 

X 

3 

O 

3 

X 

p 


3 

X 


3 

3 

3 

X 

P 

X 

3 

•o 

•H 

Pi 

£ 

O 

X 

£ 

X 

•H 


U 

3 

I-H 


o 

P 

3 

•H 

3 

I-H 

X 


£ 

Pi 

in 

X 

£ 

3 

4-» 

3 

I-H 

3 

3 

o 

3 

in 

Lx 

O 

X 

0> 


3 

3 

X 

X 

X 

3 


3 

X 

a 

X 

X 

X 

3 

o 


3 

in 


3 

o 

X 

3 


X 

X 

3 

o 

bo 

3 


to 


X 

3 

•H 

u 


X 

P 

X 

X 


3 

X 

X 

LX 

•iH 

Pi 

•H 

3 

3 

to 

3 

3 

X 


£ 



3 

3 

I-H 

p 

iX 

P 


"O 



p 

P 

P 

3 

o 

3 

O 

£ 

3 

Lx 

• 

o 

•H 

3 

fH 

•H 

3 

P 

o 

X 

o 

bo 

•H 

Lx 

X 

I-H 

4-» 

> 


X 

o 


P 

X 


3 

3 

Cd 

3 

X 

LX 

X 

3 

•H 

3 

X 


3 

•H 

X 

o 


3 

o 


3 

O 

3 

LX 

u 



•o 


X 

O 

•H 

-r-» 


4-» 

3 

3 

3 

X 

o 

Cd 

I-H 

3 

O 

to 

3 

- P 

X 

pH 

X 

pO 

Pi 

£ 




X 

•H 

3 

rH 

p 


3 



3 

-o 

3 

rH 

•H 

Cd 


s 

X 

3 

• 

3 

p 

X 

I-H 

§> 

u 

s 

3 



to 

X 

cd 

3 

3 

•H 

UJ 

p 

P 


3 


3 

X 

P 

T) 

H 

•H 

O 


o 

•H 

to 

LX 

3 

•H 

O 


g 

X 


1^ 

3 

rH 


X 

4-> 


£ 

3 

X 



P 


3 

X 

to 

4-> 

O 

^H 

3 


o 

O 

O 

X 

3 

•H 

Cd 

X 

cd 

3 


44 

3 

o 

X 

V I 

•o 

u 

Lx 


362 


u 11 U li li 


li L L li 


uu;:uuuiiuiii- 


REPLICAS OF CATHODICALLY ETCHED FIBERS 
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Figure 7 
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